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APPEAL BRIEF 



Hon. Commissioner of Patents and Trademarks 

P. O.Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 



On 5^24,2005, Appellants appealed to me Board of Patent App^ 
the decision of the Primary Examiner finally rejecting claims 1, 2, 4 to 13 and 21 to 23. What 
follows is Appellants Appeal Brief as required by 37 CFR 41.37. 



1- 
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REAL PARTY TN TNTEREST: 

International Business Machines Corporation, the assignee of the entire interest of the present 
application, is the real party in interest in this appeal. 



RELAXES APPEALS ANT> INTERFE RENCES: 



There are no related appeals and interferences. 



STATUS OF CLAIMS: 

Claims 1 , 2, 4 to 13 and 21 to 23 are pending in this appeal and all of claims 1, 2, 4 to 13 and 2 1 
to 23 have been finally rejected by the Examiner. Claims 3 and 14 to 20 have been canceled. No 
claims are allowed. 
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STATUS OF AMENDMENTS: 



An Amendment After Final Rejection was filed November 23, 2004. In an Advisory Action 
mailed January 26, 2005, the Examiner did not allow the application and, further, for purposes of 
appeal, the Examiner indicated that the Amendment After Final Rejection will not be entered. 
Subsequent to the Advisory Action, however, the undersigned on February 7, 2005, spoke with 
Examiner Poker who advised the undersigned that she did a Supplementary Advisory Action (which 
because of Office delays has yet to be mailed to Appellants) in which Appellants' Amendment After 
Final Rejection will be entered. Having not received the Supplementary Advisory Action, the 
undersigned again spoke with Examiner Poker on February ! 6, 2005, and Examiner Poker advised 
the undersigned that she had spoken with her Supervisory Patent Examiner and that tbe Amendment 
After Final Rejection will, in fact, be entered. The claims presented in the Claims Appendix are as 
presented in the Amendment After Final Rejection. 



CTm/rM a »V OF PT AIMED SUBJECT MATTER; 



The present invention pertains to an inductor which is buried or embedded in a dielectric 
substrate. The dielectric substrate is preferably a multilayer ceramic (MLC) substrate although other 
materials, such as organic materials, are not excluded. Q is a quality factor for inductors and is 

-3- 



PAGE 5/79 * RCVD AT 2^4/2005 3:38:17 PM {Eastern Standard Time] * SVR:USPT0^FXRF-1/6 * DNIS:8723306 * CSID:845 892 6363 * DURATION (mm-ss):24*22 



FEB 24 '05 17:05 FR IPLPW E FISHKILL 845 892 6363 TO 917038729306 P. 06/79 



Patent 

10/016,090 IBM Docket No. FIS920010163US1 

defined as the ratio of its reactance to its effective series resistance at a given frequency. It would be 

desirable to have an embedded inductor with a relatively high Q value and high inductance. 

Figure 1 illustrates an embedded inductor 12 in a dielectric substrate 10. The layers of the 
dielectric material that would normally surround the embedded inductor 1 2 have been removed for 
clarity. Figure 9 is a cross section of the embedded inductor 12 with the various dielectric layers in 
place. Returning to Figure 1 , each turn of the embedded inductor 1 2 includes a bottom portion 20, 
a top portion 1 8 and two side portions 22. The top portion 1 8 and bottom portion 20 are parallel but 
in different layers. As shown in Figure 1 , bottom portion 20 is in a first layer while top portion 1 8 
is in another layer several layers away. The side portions 22 are parallel to each other. The top 
portions 1 8 and bottom portions 20 are formed by screened lines while side portions 22 comprise 
vias so that the top portions 18 and side portions 20 have lower crossectional area than the side 
portions 22. (Specification page 9, lines 13-23 to page 10, lines 1-10). 

However, because the top portions 1 8 and side portions 20 have lower crossectional area than the 
side portions 22, they create higher resistance. Structural changes which minimi2e the resistance of 
the top portions 1 8 and bottom portions 20 create higher Q values. (Specification, page 1 1 , lines 1 8- 
24). 

Figures 3 to 5 (claim 1 ) and Figure 5 (claim 23) illustrate preferred embodiments of the invention 
in which structural changes have been made to the top portions 1 8 and bottom portions 20 to achieve 

-4- 



PAGE 6/79* RCVD AT 2/24/2005 3:38:17 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/6 1 DNIS:8729306 ■ CSID:845 892 6363 1 DURATION (mm-ss):24-22 



FEB 24 '05 17:05 FR IPLftUl E FISHK1LL B45 892 6363 TO 917038729306 P. 07/79 

Patent 

10/01 6,090 IBM Docket No. FIS920010163US1 

both high Q value and high inductance. 

For the convenience of the Board, claim 1 claiming a first preferred embodiment of the invention 
is reproduced here as follows: 

1 . A dielectric substrate having a multitum inductor comprising: 

a) a multilayer dielectric body comprising a plurality of layers; 

b) a multitum inductor buried within the dielectric body, each turn of the inductor comprising a 
bottom portion, a top portion and two side portions, the bottom portion and top portion being 
parallel and in different layers of the dielectric body, the side portions being parallel to each other 
and extending between the top and bottom portions and comprising vias in the dielectric body, 
wherein the top and bottom portions have a lower crossectional area than the side portions and 
wherein the top and bottom portions each comprise two parallel wiring lines in juxtaposition. 

Referring to Figures 3 and 4, the embedded inductors 11 2, 2 12 are shown wherein the top portion 
1 8 comprises top subportions 1 8 A and 18B and bottom portion 20 comprises bottom subportions 
20A and 20B. (Specification, page 1 2, lines 1 -6). The top subportions 1 8 A and 1 8B are one over the 
other but separated by one layer while bottom subportions 20A and 20B are likewise one over the 
other separated by one layer. Embedded inductors 1 12, 212 are similar to embedded inductor 12 
shown in Figure 1 except for the top subportions 1 8A and 1 8B and botom subportions 20A and 20B. 
Figure 5 similarly shows the embodiment having separate top subportions and bottom subportions. 
By increasing the metal in the top portions 1 8 and bottom portions 20, the resistance of the embedded 
inductor is reduced, thereby increasing its inductance. 

-5- 
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For the convenience of the Board, claim 23 claiming a second preferred embodiment of the 

invention is reproduced here as follows: 



23. A dielectric substrate having a multiturn inductor comprising: 

a) a multilayer dielectric body comprising a plurality of layers; 

b) a multiturn inductor buried within the dielectric body, each turn of the inductor comprising a 
bottom portion, a top portion and two side portions, the bottom portion and top portion being 
parallel and in different layers of the dielectric body, the side portions being parallel to each other 
and extending between the top and bottom portions and comprising vias in the dielectric body, 
wherein the top and bottom portions have a lower crossectional area than the side portions and 
wherein the top and bottom portions each comprise at least two parallel wiring lines of unequal 
length in juxtaposition. 

Referring to Figure 5, the embedded inductor 312 is similar to embedded inductor 12 shown in 
Figure 1 except that embedded inductor 3 12 has top subportions and bottom subportions which are 
unequal in length. According to this embodiment of the invention, the inductor loop has been made 
closer to circular shape to further increase the Q of the embedded inductor 3 1 2. (Specification, page 
12, lines 12-14). 



GROUNDS OF REJECTION TOBE REVIEWED ON APPEAL: 



I. The §102 rejections: 
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A. Claims 1 to 6 and 21 to 23 have been rejected by the Examiner under 35 USC § 102(e) as being 
anticipated by Ann et al. U.S. Patent 6,531,945 (hereafter "Ahn"). 

II. The 6103 rejections: 

A. Claim 7 hasbeen rejected by the Examiner under 35 USC § 1 03(a) as being unpatentable over Ahn 
in view of Burghartz et al. U.S. Patent 5,884,990. 

B. Claims 8 to 10 and 1 3 have been rejected by the Examiner under 35 USC §1 03(a) as being 
unpatentable over Ahn in view of Liu et al. U.S. Patent 6,459,352 (hereafter "Liu"). 

C. Claims 11 and 12 have been rejected by the Examiner under 3 5 USC §103 (a) as being 
unpatentable over Ahn in view of Eberhardt U.S. Patent 5,461,353 (hereafter "Eberhardt"). 

ARGUMENT: 

1. The 6 1 02 rejections: 

-7- 
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A. Claims 1 to 6 and 21 to 23 have been rejected by the Examiner under 35 USC §1 02(e) as being 
anticipated by Ahn et at U.S. Patent 6,53 1 ,945 (hereafter "Ahn"). 

"Anticipation requires the disclosure in a single prior art reference of each element of the claim 
under consideration." W.L Gore & Assocs. V. Garlock. Inc. . 721 F.2d 1540, 220 USPQ 303, 313 
(Fed. Cir. 1983). If any element is missing, the claim is not anticipated. In re Rovka and Martin . 490 
F.2d 981, 180 USPQ 580 (CCPA 1974). 

As Appellants will argue, each of claims 1 , 4 to 6 and 23 contain elements which have not been 
disclosed in Ahn, thereby compelling the conclusion that claims 1 , 4 to 6 and 23 are not anticipated 
by Ahn, 

(i) Patentability of claim 1: 

Claim 1 claims the embodiments as illustrated in Figures 3 to 5. As recited in claim 1, each turn 
of the inductor comprises a bottom portion, a top portion and two side portions. These embodiments 
further illustrate, and claim 1 farther recites, that the top and bottom portions (of each turn of the 
inductor) comprise two parallel wiring lines in juxtaposition (... each turn of the inductor comprising 
a bottom portion, a top portion and two side portions... wherein the top and bottom portions each 

-8- 
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comprise two parallel wiring lines in juxtaposition.** [emphasis added]). Referring to Figures 3 and 
4, it can be seen that top portion 1 8 of each turn of the inductor comprises two parallel wiring lines 
1 8 A, 18B in juxtaposition and bottom portion 20 of each turn of the inductor comprises two parallel 
wiring lines 20A, 20B in juxtaposition. Figure 5 also illustrates separate top and bottom subportions 
of each turn of the inductor. Such an arrangement as illustrated in Figures 3 to 5 minimizes the 
resistance of the top and bottom portions, thereby increasing the inductance and optimizing Q (see 
specification, page 11, lines 18-24, and page 12, lines 1-6). 

Abn discloses a multilayer dielectric body having an embedded inductor wherein each turn of the 
inductor includes top and bottom portions 220 and sides (paths) 140. Each turn of the Ahn inductor 
comprises only a single wiring line for the top portion 220 and a single wiring line 220 for the bottom 
portion. While Ahn does show top portions and bottom portions in juxtaposition, these are in 
different turns of the inductor , contrary to the limitations of Applicants' claim 1 which require the 
juxtaposed parallel wiring lines in each turn of the inductor (...each turn of the inductor comprising 
a bottom portion, a top portion and two side portions... wherein the top and bottom portions each 
comprise two parallel wiring lines in juxtaposition." [emphasis added]). As Ahn fails to teach the 
foregoing limitation of juxtaposed parallel wiring lines in each turn of the inductor, Ahn cannot 
anticipate Appellants' claim 1. 



-9- 

PAGE 1 1/79 * RCVD AT 2/24/20D5 3:38:17 PM [Eastern Standard Time] * SVR:USPTO«ff XRF-116 * DNIS:8729306 * CSID:S45 892 6363 1 DURATION (mm-ss):24-22 



x FEB 24 '05 17:06 FR IPLAld E FISHKILL 845 892 6363 TO 917038729306 P. 12/79 



Patent 

10/016,090 IBM Docket No. FIS9200l0l63USt 

(ii) Patentability of claim 23: 

Claim 23 is similar to claim 1 except that the juxtaposed parallel wiring lines in each turn of the 
inductor are of unequal length (...wherein the top and bottom portions each comprise at least two 
parallel wiring lines of unequal length in juxtaposition.). This is the embodiment shown in 
Appellants* Figure 5. More importantly, the configuration shown in Figure 5 more closely 
approximates the shape of a circle so as to further increase the Q of the embedded inductor. Ahn does 
not show the embodiment claimed in claim 23. In the final Office Action, the Examiner states that 
Ahn illustrates that the top and bottom portions are of unequal length in juxtaposition. This may be 
true but this is not what is claimed by Appellants. Appellants are claiming that "...the top and bottom 
portions each comprise at least two parallel wiring lines of unequal length . [emphasis added] . Since 
Ahn shows top and bottom portions each comprising only one wiring line, Ahn cannot show top and 
bottom portions each comprising at least two parallel wiring lines of unequal length. As Ahn fails to 
show this limitation of Appellants* claim 23, Ahn cannot anticipate Appellants' claim 23. 

Inasmuch as claims 2 3 4 to 6, 21 and 22 depend from claim I , and since claim 1 is believed to be 
patentably distinguishable over Ahn, then claims 2, 4 to 6, 2 1 and 22 should be patentable as well. 

(iii) Patentability of claim 4 

In addition, claim 4 is believed to be independently patentable. 

-10- 
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Claim 4, which depends from claim 1 , claims vias connecting the juxtaposed parallel wiring lines 
of the top and bottom portions. As noted above, these juxtaposed wiring lines are in each turn of 
inductor. 

Ahn discloses only paths 1 40 between the top and bottom portions 220 of the inductor. These paths 
140 are equivalent to the side portions of Appellants* inductor. However, Ahn can not show vias 
between the juxtaposed parallel wiring lines of the top and bottom portions of each turn of the 
inductor because Ahn does not show parallel wiring lines of the top and bottom portions of each turn 
of the inductor (as explained above with respect to claims I and 23) and, in addition, does not show 
vias between those parallel wiring lines as claimed by Appellants in claim 4. 

In the final Office Action, the Examiner states that "The paths (140) can advantageously comprise 
vias.. .The vias are filled with conductive posts (2 1 0), which connect the ends of the top and bottom 
portions../'. However, it is submitted that the Examiner fails to appreciate that Appellants 7 claim 4 
requires that each of the top and bottom portions recite parallel wiring lines, and vias between those 
parallel wiring lines, while the top and bottom portions of Ahn only show single wiring lines. It is 
impossible for Ahn to show vias between parallel wiring lines as claimed by Appellants since Ahn 
fails to show parallel wiring lines that make up the top and bottom portions of each turn of the 
inductor and thus Ahn cannot show vias between such nonexistent parallel wiring lines. As Ahn fails 
to show the limitation of claim 4, Ahn cannot anticipate Appellants' claim 4. 

- 11- 
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(iv) Patentability of claim 5 

Claim 5 is believed to be independently patentable. 

Claim 5, which depends from claim 4, claims vias connecting the juxtaposed parallel wiring lines 
of the top and bottom portions only at the ends of the lines. This feature is shown in Figure 3. 

Ahn discloses only paths 1 40 between the top and bottom portions 220 of the inductor. These paths 
1 40 are equivalent to the side portions of Appellants' inductor. However, Ahn can not show vias only 
at the ends of and between the juxtaposed parallel wiring lines of the top and bottom portions of each 
turn of the inductor because Ahn does not show parallel wiring lines of the top and bottom portions 
of each turn of the inductor (as explained above with respect to claims l and 23) and, in addition does 
not show vias only at the ends and between those parallel wiring lines as claimed by Appellants in 
claim 5. 

In the final Office Action, the Examiner states that "The paths (140) can advantageously 
comprise vias...The vias are filled with conductive posts (2 1 0), which connect the ends of the top and 
bottom portions...". However, it is submitted that the Examiner fails to appreciate that Appellants' 
claim 5 requires that each of the top and bottom portions recite parallel wiring lines, and vias at the 
ends of and between those parallel wiring lines, while the top and bottom portions of Ahn only show 
single wiring lines. It is impossible for Ahn to show vias between parallel wiring lines as claimed by 

- 12- 
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Appellants since Ahn fails to show parallel wiring lines that make up the top and bottom portions of 
each turn of the inductor and thus Ahn cannot show vias at the ends of and between such nonexistent 
parallel wiring lines. As Ahn fails to show this limitation of claim 5, Ahn cannot anticipate 
Appellants' claim 5. 

(v) Patentability of claim 6 

Claim 6 is believed to be independently patentable. 

Claim 6, which depends from claim 4, claims vias connecting the juxtaposed parallel wiring lines 
of the top and bottom portions wherein the vias are spaced along the length of the parallel wiring 
lines. 

Ahn discloses only paths 1 40 between the top and bottom portions 220 of the inductor. These paths 
140 are equivalent to the side portions of Appellants' inductor. However, Ahn can not show vias 
between the juxtaposed parallel wiring lines of the top and bottom portions of each turn of the 
inductor and along the length of the parallel wiring lines because Ahn does not show parallel wiring 
lines of the top and bottom portions of each turn of the inductor and, in addition, does not show vias 
between those parallel wiring lines and spaced along the length thereof as claimed by Appellants in 
claim 6. 

- 13- 
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In the final Office Action, the Examiner states that Ahn illustrates t4 that the parallel conductive 
segments (220) have a length and the vias (140) are spaced along the length of the segments (220)." 
Besides the fact that Ahn does not show top and bottom portions which each comprise parallel wiring 
lines, and therefore Ahn cannot show vias between those parallel wiring lines, Ahn also does not show 
vias spaced along the length of the segments (220) as claimed by Appellants. The vias in Ahn are only 
at the ends of the segments (220) as clearly shown in Figure 1 A of Ahn. As Ahn fails to show this 
limitation of claim 6, Ahn cannot anticipate Appellants' claim 6. 



IL The §103 rejections: 

A. Claim 7 has been rejected by the Examiner under 35 USC § 1 03(a) as being unpatentable over Ahn 
in view of Burghartz et al, U.S. Patent 5,884,990. 

Inasmuch as claim 7 depends from claim 1 and since claim 1 is believed to be patentable, then 
claim 7 should be patentable as well. No independent ground of patentability is asserted for claim 7 
at this time. 

B. Claims 8 to 1 0 and 13 have been rejected by the Examiner under 35 USC § 103(a) as being 

- 14- 
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unpatentable over Ahn in view of Liu et al. U.S. Patent 6,459,352 (hereafter ' W)- 

Inasmuch as claims S to 10 and 13 depend from claim 1, and since claim 1 is believed to be 
patentable, then claims 8 to 10 and 13 are believed to be patentable as well. In addition, claims 9 and 
1 0 are believed to be independently patentable. 

'To establish prima facie obviousness of a claimed invention, all the claim limitations must be 
taught or suggested by the prior art." MPEP §2143.03. "All words in a claim must be considered in 
judging the patentability of that claim against the prior art." In re Wils on, 424 F.2d 1382, 1385, 165 
USPQ 494, 496 ((CCPA 1970). 

As Appellants will argue, each of claims 9 and 10 contain limitations which are not taught or 
suggested by the prior art, thereby compelling the conclusion that claims 9 and 10 are not rendered 
obvious by the prior art. 



(i) Patentability of claim 9 

As Appellants noted above, Ahn does not teach the basic aspects of Appellants' invention. Claim 
9 recites an additional feature of Appellants' invention, namely tuning the inductor by deleting a 
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portion of the inductor. 

It is submitted that the Examiner has failed to state a prima facie case of obviousness. 

Neither Ahn nor Liu teaches the aspects of Appellants* invention claimed in claim 9. Ahn teaches 
a single inductor while Liu teaches a transformer, which essentially is an inductor coiled within 
another inductor. Neither of Ahn nor Liu teaches tuning of the inductor. Tuning is performing some 
operation on the inductor so as to fine tune the amount of inductance obtained (specification, page 1 5, 
lines 1 8-2 1 ). Liu does state, as noted by the Examiner, that the si2e of the inductor is an important 
factor with respect to the use of the inductor and its Q factor. The solution to this requirement is to 
make a small size, high Q inductor as taught by Liu. Liu says nothing about tuning an inductor, once 
the inductor has already been formed, by deleting a portion of the inductor as Appellants have 
claimed. It is thus submitted that the Examiner has failed to state a prima facie case of obviousness 
with respect to claim 9 since the combination of Ahn and Liu fail to teach the limitations of claim 9. 

(U) Patentability of claim 10 

As Appellants noted above, Ahn does not teach the basic aspects of Appellants' invention. Claim 
10 recites additional features of Appellants' invention, namely tuning the inductor by adding at least 
one additional buried loop to the inductor. 
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It is submitted that the Examiner has failed to state a prima facie case of obviousness with respect 

to claim 10. 

Neither Ahn nor Liu teaches the aspects of Appellants* invention claimed in claim 10. Ahn 
teaches a single inductor while Liu teaches a transformer, which essentially is an inductor coiled 
within another inductor. Neither of Ahn nor Liu teaches tuning of the inductor. Tuning is performing 
some operation on the inductor so as to fine tune the amount of inductance obtained (specification, 
page 15, lines 18-21). It is recognized, as noted by the Examiner, that Liu teaches two inductors to 
form a transformer. However, these inductors at all times appear to be separated from each other and 
there appears to be no teachings in Liu to connect these two inductors or a portion of each of the 
inductors to tune the resulting inductor. Liu says nothing about tuning the inductor, once the inductor 
has already been formed , by adding an additional loop as Appellants have claimed. It is thus submitted 
that the Examiner has failed to state a prima facie case of obviousness with respect to claim 1 0 since 
the combination of Ahn and Liu fail to teach the limitations of claim 10. 

C. Claims 1 1 and 1 2 have been rejected by the Examiner under 35 USC § 1 03(a) as being unpatentable 
over Ahn in view of Eberhardt U.S. Patent 5,461 ,353 (hereafter "Eberhardt"). 

Inasmuch as claims 1 i and 12 depend from claim 1 , and since claim 1 is believed to be patentable, 
then claims 1 1 and 12 should be patentable as well. In addition, claims 1 1 and 12 are believed to be 
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independently patentable. 

As Appellants will argue, each of claims 1 1 and 12 contain limitations which are not taught or 
suggested by the prior ait, thereby compelling the conclusion that claims 1 1 and 12 are not rendered 
obvious by the prior art. 

(i) Patentability of claims 11 and 12 

It is submitted that the Examiner has failed to state a prima facie case of obviousness with respect 
to claims U and 12. 

As Appellants noted above, Ahn does not teach the basic aspects of Appellants' invention. Claims 
1 1 and 12 recite additional features of Appellants' invention, namely tuning the inductor by the 
addition of a plate adjacent to the inductor. In claim 1 1, the plate is electrically isolated from the 
inductor while in claim 12, the plate is electrically connected to the inductor. 

Neither Ahn nor Eberhardt teaches the aspects of Appellants' invention claimed in claims 1 1 and 
12. Ahn does not teach tuning of the inductor. While Eberhardt does teach tuning of the inductor, the 
tuning is done in a different manner than that claimed by Appellants. That is, Eberhardt's inductor is 
tuned by metallized runners. By cutting a runner, the number of turns of the inductor is increased. As 
noted by the Examiner in the final Office Action, "In order to increase the inductance value of the 

- 18- 



PAG! 20/79 * RCVD AT 2/24/2005 3:38:17 PM [Eastern Standard Time] * SVR:liSPT0-EFXRF-1/6 * DNIS:8729306 * CSID:845 892 6363 ' DURATION (mm-ss):24-22 



FEB 24 '05 17:08 FR IPLftU E FISHKILL 845 892 6363 TO 917038729306 P. 21/79 



Pate/if 

10/016,090 IBM Docket No. FIS920010163US1 

inductor, one or more of the adjustment runners are cut using well known laser trimming equipment 

or by simply mechanically cutting one or both runners/* It is apparent from Eberhardt that only whole 
turns are added at a time; this is a very coarse adjustment. 

Appellants* invention, on the other hand, uses an adjacent plate to tune the inductor which is 
structurally different than the metallized runners of Eberhardt. The plate is always there and always 
affects the inductance of the inductor because the adjacent plate is always magnetically or electrically 
coupled to the inductor. Any fine tuning can be done by deleting portions of the plate. Thus, 
Appellants* tuning apparatus as claimed in claims 1 1 and 12 is structurally different than the 
metallized runners in Eberhardt and operates functionally differently as well as just explained. 
Accordingly, the Examiner has failed to state a prima facie case of obviousness since the combination 
of Aim and Eberhardt fails to teach the limitations of Appellants' claims 1 1 and 12. 
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SUMMARY: 



In view of all of the preceding remarks, it is submitted that claims 1, 2, 4 to 13 and 21 to 23 are 
in condition for allowance, that the Examiner's various rejections of claims 1, 2, 4 to 13 and 21 
to 23 are erroneous and reversal of the Examiner's decisions is respectfully requested. 



International Business Machines Corporation 
Zip 482 
2070 Route 52 

Hopewell Junction, NY 12533 
Fax No. (845) 892-6363 



Respectfully Submitted, 



David C Long, et al. 




Ira D. Blecker Rfeg. No. 29,894 
Telephone: (845) 894-2580 
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CLAIMS APPENDIX: 

1 . A dielectric substrate having a multiturn inductor comprising: 

a) a multilayer dielectric body comprising a plurality of layers; 

b) a multiturn inductor buried within the dielectric body, each turn of the inductor comprising a bottom 
portion, a top portion and two side portions, the bottom portion and top portion being parallel and in 
different layers of the dielectric body, the side portions being parallel to each other and extending 
between the top and bottom portions and comprising vias in the dielectric body, wherein the top and 
bottom portions have a lower crossectional area than the side portions and wherein the top and 
bottom portions each comprise two parallel wiring lines in juxtaposition. 

2. The dielectric substrate of claim 1 wherein the top and bottom portions comprise wiring lines 
situated in respective layers of the dielectric body. 

Claim 3. (Canceled) 
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4. The dielectric substrate of claim 1 further comprising vias connecting the parallel wiring lines of 

each of the top and bottom portions. 

5. The dielectric substrate of claim 4 wherein the parallel wiring lines have ends and wherein the vias 
connecting the parallel wiring lines are only at the ends of the lines. 

6. The dielectric substrate of claim 4 wherein the parallel wiring lines each have a length and wherein 
the vias connecting the parallel wiring lines are spaced along the length of the parallel wiring lines. 

7. The dielectric substrate of claim 1 wherein the turns of the multiturn inductor form a toroidal shape. 

8. The dielectric substrate of claim 1 wherein the multiturn inductor is tuned by tapping the multiturn 
inductor at selected locations. 

9. The dielectric substrate of claim 8 fiirther comprising deletion of a portion of the multiturn inductor 
so as to tune the multiturn inductor. 
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10. The dielectric substrate of claim 1 wherein the multiturn inductor is tuned by the addition of at 
least one additional buried loop to the multiturn inductor. 

1 1 . The dielectric substrate of claim 1 wherein the multiturn inductor is tuned by the addition of a plate 
adjacent to the multitum inductor, the plate being electrically isolated from the multiturn inductor. 

12. The dielectric substrate of claim 1 wherein the multiturn inductor is tuned by the addition of a 
plate adjacent to the multiturn inductor, the plate being electrically connected to the multiturn 
inductor. 

1 3. The dielectric substrate of claim 1 wherein the multiturn inductor is a first multiturn inductor and 
further comprising a second buried multiturn inductor near the first multitum inductor but electrically 
isolated therefrom, the first and second multitum inductors cooperating to form a transformer. 

Claims 14 to 20 (Canceled). 
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21. The dielectric substrate of claim 1 wherein the top and bottom portions are planar in shape so as 
to comprise a flat portion having a width and a thickness less than the width, the side portions having 
a circular contact surface and the flat portion of the top and bottom portions in contact with the 
circular contact surface of the side portion. 

22. The dielectric substrate of claim 1 wherein the top and bottom portions are planar wiring lines and 
the side portions are vias having a circular contact surface wherein the planar wiring lines directly 
contact the circular contact surface of the vias. 

23. A dielectric substrate having a multiturn inductor comprising: 

a) a multilayer dielectric body comprising a plurality of layers; 

b) a multiturn inductor buried within the dielectric body, each turn of the inductor comprising a bottom 
portion, a top portion and two side portions, the bottom portion and top portion being parallel and in 
different layers of the dielectric body, the side portions being parallel to each other and extending 
between the top and bottom portions and comprising vias in the dielectric body, wherein the top and 
bottom portions have a lower crossectional area than the side portions and wherein the top and bottom 
portions each comprise at least two parallel wiring lines of unequal length in juxtaposition. 
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EVIDENCE APPENDIX; 

COPIES OF REFERENCES CITED BY THE EXAMINER TO FOLLOW 
Ahn et al. U.S. Patent 6,53 1 ,945 
Burghartz et al. U.S. Patent 5,884,990 
Eberhardt U.S. Patent 5,461,353 
Liu et al. U.S. Patent 6,459,352 
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RELATED PR OCEEDINGS APPENDIX 



NO RELATED PROCEEDINGS 
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ABSTRACT 
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of holes interconnect the top surface and the bottom surface 
of the substrate. The inductor also include* a plurality of 
conductive posts formed in the plurality of boks and a 
plurality of conductive segments formed on the top surface 
and on the bottom surface that interconnect the conductive 
posts such thai a continuous conductive ecu! is formed. The 
inductor also includes a magnetic core that occupies sub- 
stantially the entire volume enclosed by the conductive coiL 
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INTEGRATED CIRCUIT INDUCTOR WITH A conductive segments intcrconnectmg the pair of subsran- 

MAGNBTIC CORE dally parallel rows of conductive ccdumns to form a con- 
ductive surrounding the magnetic core. 
Is one embodiment, an nutoctoz comprises a perforated 

BACKGROUIND OF THE INVENTION 5 substrate, a magnetic cote formed on the perforated 

FU T _.r_.Lt-q substrate* and a conductive material interwoven with the 

1. KcM or &e indention ^c^r^^b^n^ ^simtmi^thff m^uko^.Th6 
This invention relates in general to mdactois for use in ermdnetive material is at feast partially ififfttsed into the 

integrated circuits, and relates more particularly to into- perforated substrate, 

grated circuit inductors having magnetic cores, 10 jj, one embodiment, an inductor comprises a substrate 

2. Description of the Related Art having a top surface and a bottom surface, a plurality of 
Inductors are used in a wide range of signal processing boles extending through the substrate, whereto the plurality 

systems and circuits. For example, inductors are used in of holes interconnect the top _u_f_.ee and the bottom surface, 
cojnmunkalion systems, radar systems, television systems, The inductor further comprises a plurality of conductive 
high pass filters* tank circuits, and butterworth filters. 15 posts formed in the plurality of notes, a plurality of con- 
As eax ct ro a ri c signal processing systems have become ductive segments formed on the top surface and on the 
more highly integrated and rniniamrized, system designers bottom surface that interconnect the conductive posts such 
have sought to duninate the use of relatively large auxiKaiy that a continuous conductrve coil is formed; and a magnetic 
components, such as mdnctors. One approach to cUmuiatiqg cox* occupying substantially the entire volume enclosed by 
the use of actnal inductors in signal pressing systems is to 20 the conductive coiL 

simulate inductors using active circuits, -which can be easily In one embodiment, an inductor comprises a multilayer 

miniaturized Unfortunately, simulated inductor carcnifa tend substrate, a magnetic core formed on the multilayer 

to exhibit large parasitic effects and often generate more substrate, and a ceil interwoven with the multilayer substrate 

noise than circuits constructed n*tng actual inductors. and surrounding the magnetic core. 

When unable to elimi nate inductors in their designs, 25 In one embodiment, a device comprises an integrated 

designers have sought ways to reduce the size of the orcui! formed on a substrate, a magnetic core formed oo the 

inductors that are used. For example, mdnctors are rninta- substrate, and an inductor interwoven with the substrate and 

turized for use in compact cornmunication sysieru^ such zs surrou nding the magnetic core, wherein the inductor is 

cellular phones and modems. These rnjniarnrized inductors ^ operably coupled to the integrated circuit, 

typically comprise two-dimensional spiral inductors that are In one embodiment, a memory system comprises a sub* 

fabricated on the same substrates as the integrated circuits to s Crate having a plurality of memory circuits, a magnetic core 

which they are coupled. Although these two-dimensional formed in a region of the substrate, and a conductive coil 

spiral inductors can be fabricated using conventional into- interwoven with the substrate and surrounding the magnetic 

gyatod circuit mimufartming techniques, they typically take ^ core. 

up a disproportionately large share of the available surface in one embodiment, a computer system comprises a 

area on an integrated circuit substrate. processor and an inductor comprising a substrate, a mag- 

For these and other reasons, mere is a need for Use present nctic core formed on the substrate, and a conductrve coil 

invention. interwoven wnh the substrate and surrounding ihc magnetic 

^ 40 core. The computer system further amaprises an electronic 

SUMMARY OF THE INVENTION device coupled to the inductor and to the processor. 

In one embodiment, a method of fabricating an inductor 

An inductor cc^es ^tetra^ * ma^ core (npbcdded m a ^bsxv* comprises the steps of forming a 

formed in a region of the substrate, and a cor^uctrve coil ^ tic ^ k ^ substrate and fobricating a three- 

interwoven with the substrate md unrounding the magnetic ^ (fauj3iskmid oonmictive cml around the mapefic core, 

tx,re " m In one embodiment, a method of fabricating an inductor 

In one embodiment, an inductor comprises a substrate, a ^^bedded m a substrate comprises the steps of fornaing a 

magnetic core formed on the substrate, and a three - plurality of paths cjdendfog through the substrate, forming a 

dirnensiopal conductive coiL The coDductrvc coil conjpmes magnetic core in the substrate, depositing a conductive 

a plurality of conductive posts ktercoancctcd by a plurality ^ m& tcrial in the paths to form a plurality of conductive posts, 

of conductive segments such that the conductive coil stn> ^ EabtStt ttng * plurality of conductrvo segments that 

rounds the magnetic core. mterconncct the coriductivc posts to form a conductive coil, 

J^^T^ZrlS^^ ™ DESCRHUON OP THE DRAWINGS 

magnetic core formed on the substrate, a plurality of paths ^ FIGS. 1A-1C illustrate an anfcodimeni of an inductor in 

extending through the substrate, and a conductive coil accordance with the present mvention. 

woven t luougb , the plurality of paths and surrounding (he FIGS. 2A-ZC frustrate a substrate with J. plurality of 

magnetic core. The conductive coil is at least partially paths extending through the substrate, 

diffused into the crystalline structure, FIGS. 3A-3C illustrate the substrate of FIGS. 2A-2C 

in one embodiment, a device comprises 1 substrate and an & *^* r 1 region of the substrate has been treated to form a 

mchictrve structure ha ving an mductencc of at least 1 nano- porous region. 

henry (nH), The inductive structure includes a magnetic acne FIGS. 4A-4C illustrate the substrate of FIGS. 3A-3C 

and is at least partially embedded in the substrate. after the porous region has been treated with a ferromagnetic 

In one embodiment, an inductor comprises a substrate, a material to form a magnetic core, 

magneticcore formed on the substrate, a pair of substantially 65 FIGS. 5A-5C illustrate the substrate of FIGS. 4A-4C 

parallel rows of conductive posts providing a plurality of after the paths have been filled with a conductive material 

conductive paths through the substrate, and a plurality of and interconnected to form a conductive coiL 
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FIGS. 6A-6C illustrate tbc substrate of FIGS. 2A-2C integrated circuit Tnirmfytnring processes are des ig n rd to 

after a cavity has. been formed io * region of tbc substrate, w uik wilh substrates having a pair of relatively flat parallel 

FIGS. 7A-7C illustrate the substrate of FIGS. 6A-6C anfrces, the osc of para llel smfcees may simplify the 

after (he cavity has been filled with a faromagrenc material m agrf Mimi ng process for fanning the irxmctor 100. 

to form a magnetic con. 5 Tbc substrate HO has a plurality of paths 140 extending 

FIGS. 8A-SC illustrate the substrate of PIGS, fA-tC through thjftstihstate 110. TT» paths 140inteicoiiDcct the top 

after the paths have bcea filled with a conductive material surface 120 and the bottom surface 130 of the substrate 110. 

and mterconiicctcd to form a conductive coflL The paths 140 cao advaoiageondy comprise holes, vias, 

FIGS. 9A*C ilbstrate an embodiment of an inductor in M ^"^^IfS" ^frf* tf^" 7^ JS* 

accordances* theorem 10 ^± P**ally filed, part^yjptagged, « 1"* «*h > 

rwo passivation laws around the inductor. c ^?^? CMtfi ^ L * ^^^J^i^^ rf 

IvTaT . 7 ; „ _ paths 140 are substantially parallel to each other and are 

HO. 10 atnsteates . top view of an etnbe^ment of an ^b^ti^y perpei^cular to the top surface 120 and to the 

pductor^pled drant m accordance with the present boltom surface fiOof the substrate HO. 



mventioa. 15 In HGS, lA^lC the paths 140 are filled by a plurality of 

HG. 11 illustrates a block digram of a system level condaciivc 2 10. Toe condactrvc posts 210 arc con- 

embodiment of the present invention- ductivcly interconnected by a plurality of conductive seg- 

DEX4ILED DESCRIPTION OF THE ^J^ff * P ?f^™^J?** 

PREFERRED EMBODIMENTS ~ SQlhcc 130 of ****** ™- Tbc conductive posts 210 

M and the conductive segments 220 are interconnected to form 

FIG. 1A illustrates an isometric view of an embodiment of a tlutx^dnoensional conductive coil 230, which is intcrwo- 

an inductor 100 in accordance with the present invention. ven with the substrate U0. Thus, the inductor 100 is at kast 

FIG. IB illustrates a top view of tbc iudnctor 100 shown in partially embedded in the substrate 110. Those of ordinary 

FIG. 1A FIG. 1C illustrates a cross-sectional view of the skill "m the art will understand that the cross-sectional profile 

inductor 100 along the line 1C — 1C shown in FIG. LA In 25 of the conductive posts 210 or of the conductive segments 

the illustrated embodiment, the inductor 100 is fabricated on 220 is not limited to any particular shape For example, 

a substrate 110. In one embodiment, the substrate 110 is rectangular, square, circular, and triangular shapes are all 

fabricated from a crystalline material In an alternative suitable for use m countcfiou with the present invention, 

embodiment, the substrate U0 is fabricated from a single- me illustrated embodiment, the conductive posts 210 

element doped or uodoped searicondnetor material, such as 30 are configured in two substantially parallel rows. The rows 

silicon or germanium. In further e mbodime nts, the substrate are interconnected by the plurality of conductive segments 

U0 is fabricated from gallium arsenide, from silicon 220 to form a plurality of loops. Those of ordinary stall in 

carbide, or from a partially magnetic material having a the art will understand that the shape of each loop in the 

crystalline or amorphous structure. conductive COO. 230 is not ifr****** to any particular gearncl- 

Those of ordinary skill in the art wffl understand mat tbc ric shape. For example, rectangular, square, and triangular 

substrate U0 is not limited to a single layer substrate. loops are all suitable for use m connection with the present 

Multiple layer substrates, coated or partially coated mvention. 

substrates, and substrates having a plurality of coated sur- The conductive coil 230 surrounds a magpie cote 240 

faces are all suitable for use m connection with the present ^ and is capable of producing a rauforring magnetic field or 

invention. Suitable coatings may incl u d e insulators, ferro- flux in the volume occupied by (be magnetic core 240. In a 

magnetic materials, and magnetic oxides. Insulators protect preferred embodiment, the magnetic core 240 occupies 

the inductive coil and separate the electrically conductive substantially the entire volume enclosed by the conductive 

inductive coil from other conductors, such as signal carrying coil 230. By forming the m ague tic core 240 in substantially 

arrant lines. Coatings and films of ferromagnetic materials, ^ the entire volume mclftfiftd by the conductive coil 230, the 

such as magnetic mctab> alloys, and oxides, increase the inductance value of the inductor 100 is advantageously 

inductance of the inductor 100. increased. In one embodiment, for example, the inductor 

In addition, those of ordmuy skill in the art will under- 100 preferably has an inductance value in the range of about 

stand that the substrate 110 may be the fabrication site for a 10 nanohenries (nH) to about 100 microhenries fydi), more 

wide variety of integrated circuits and circuit components in ^ preferably in the range of about 10 nH to about 100 nH. 

addition to the inductor 100. In one embodiment, for FIGS. 2-9 flmstrate the step-by-step formation of the 

example, the substrate HO is the fabrication site for the inductor 100 shown in FIGS. 1A-1C using two alternative 

inductor 100 and for a Dynamic Random Access Memory methods. FIG. 2A illustrates an isometric view of one 

(DRAM) circuit. embodiment of the substrate HO with a plurality of paths 

In another ernbedimcnt. the substrate HO comprises a $s 140 extending tiirough the substrate HO. FIG. 2B illustrates 
package, such as a ceramic package, for an electronic a top view of the substrate HO shown in FIG. 2A. FIG. 2C 
device^ This eabodijnei^ illustrates a cross-sectional view of the inductor 100 along 
off-chip mductoD in accordance with the present invention. the line 2C— 2C shown in FIG. 2A The paths 140 inter- 
By fabricating off-chrp inductors in accordance with the connect the top surface 120 and the bottom surface 130 of 
present invention, the fabrication cost of the inductors is <so the substrate 110. The distance between the top surface 120 
advantageously reduced. and the bottom surface 130 of the substrate HO is typically 

In FIGS. 1A-1C, the substrate HO ha* a top surface 120 mtherangeof about 700 micrometers </m) to a 

and a bottom surface 130. Those of ordinary skill in the art Trtere&rc, the paths 140 typically have a length in the range 

will understand that the top surface 120 and the bottom of about 700 fan to about 800 /an. 

surface 130 arc not twwfo*< to obfiquc surfaces. In one 65 Those of ordinary skill in the art will understand that the 

cn^bcoamcni, the top surface 120 and the bottom surface 130 paths 140 can be formed using a variety of suitable pro- 

arc substantially parallel to one another. Because many cesses. For example, in a preferred embodiment, the paths 
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140 arc formed using any of a rmrnbcr of well-known rtfrous region 300 using a variety of suitable methods. For 

f trhtng processes. Iq other cmbodrmtiiis, a laser or a exarnple, in one emborizrnent, the faiumagu ctk? material is 

diamond-tipped carbide drill is used to create (he paths 140. deposited in the porous region 300 wing a wclHmowo 

Furthermore, those of ordinary in the ait win under- chemical vapor deposition (CVD) process. In other 

stand that the shape of the paths 140 is not K™ii*A m any s embodiments, the ferromagnetic material is deposited in the 

particular shape. For example, circular; square, rectangular, porous region 300 using well-known evaporation, 

and trtangnljiT cfr»p»« *t» all cmtaKU fetr nt* in ffmUfCtion Spattering, UstT aMafTfTTr, OT cleCtEQcfacmkal deposition pTr> 

with (he present roventzon. cesses. The particular method used to deposit the frtTomag- 

m one embodiment, the inside of the paths 140 is hoed or attic material in the porous region 300 may advantageously 
partially lined with an electrically insulating byer (not 10 selected based upon available opposition equipment 

shown). The msuiating layer may e pmprpc a variety of In one embodnn cnf, the ferromagnetic material is depos- 

suitabk ooncondactrve mate™!*, such as, for example, ited in the porous region 300 using a CVD process by 

polyiiniae, a dielectric, or an inorganic oxide, such as silicon exposing the porous region 300 to iron pentacaibonyl vapor 

dioxide or sfficotimtru^ in *n oxidizing .atmosphere.. In, light of-tha present 

is to electrically isolate ihe conductive posts 210 from the disclosure, those of ordinary skill in the art can readily 

magnetic cote 240 when these components axe formed. 15 determine suitable CVD parameters to achieve the desired 

FIGS. 3-5 illustrate the step-by-step formation of the ferromagnetic materia] composition in a given reader con- 
inductor 100 shown in FIGS. 1A-1C using a first exemplary fignratjoo, R>r example, in one configuration, the iron pen- 
process. Specifically, FIG, 3A illustrates an isometric view tacarbonyl vapor is decomposed at a tenrperarrxre in the 
of the substrate 110 shown in FIGS. 2A-2C after a region of range of about 140° C. to about 200° C, and a depositioa 
the substritc U0 has been treated to form a porous region r * te ^ ^ °* about 600 AAnmute to about 1400 
300. FIG. 3B illustrates a top view of the substrate 110 AAninulc with an 0^ flow rate of about GO standard cubic 
shown in FIG. 3A. FIG. 3C illustrates a cross-sectional view centimeters per minute (seem) and an Ar flow rate in the 
of (he substrate 110 along the line 3C— 3C shown in FIG. range of about 40 seem to about 60 seem. 
3 A. Hie location of the porous region 300 is selected such „ In another embodiment, the ferromagnetic material corn- 
that the porous region 300 occupies the volume that win be puses a gamma iron oxide him, which is deposited in the 
enclosed by the conductive coil 230 when it is filHy fbnned, porous region 300 using a chemical vapor pyrolysb process, 
as described in more detail below. A designer can designate If the temperature in the chemical vapor pyrolysis reactor 
the area on the substrate U0 in which the porous region 300 exceeds 500° C, (hen the gamma oride film formed in the 
will be formed using conventional photolithography and ^ porous region 300 exhibits magnetic properties. Otherwise, 
masking processes. the gamma oride film rbrrned in the parons region 300 docs 

Once the area for the porous region 300 has been act exhibit magnetic properties, 

designaifsi, those of ordinary skEl in the art will understand In another embodiment, the ferromagnetic material com- 

that the porous region 300 can be formed using a variety of prises a spinel-type iron oxide film, which can be deposited 

suitable processes. For example, in one embodiment, the ^ at low tempera tare by ECR plasma-enhanced metalorganic 

porous region 300 may be formed wring & well-known cVrnfral vapor deposition (MO CVD). The spinel-type iron 

anodic etching process. In another embodiment, the porous oxide film formed in the porous region 300 advantageously 

region 300 maybe formed rising a well-fenown laser ablation exhibits nearly isotropic magnetic properties, 

process. In another embodiment, the ferromagnetic material com- 

In a preferred embodiment, the porous region 300 pen- 40 prises an amorphous iron oxide film. The film can be formed 
ctrates substantially the entire thkkness of the substrate 110. in the porous region 300 by depositing iron in an oxygen 
This configuration advantageously allows substantially the atmosphere by evaporation. A ferrous oxide (FeO) powder is 
entire volume enclosed by the ormrmctrve coil 230 to form evaporated in a vacuum containing oxygen and having a 
(be magnetic core 240 wben the inductor 100 is fully pressure in the range of about lCTMorr to about 10" 4 ton, 
fabricated. As discussed above, by farming the magnetic 45 In another embodrmcot, the ferromagnetic material is 
core 240 in substantially the entire volume enclosed by the deposited in the porous region 300 using a reactive sputter- 
conductive coil 230, the inductance value of the in Aietor jog process. An iron (Fc) target is sputtered onto the porous 
100 is acrvantageously increased. region 300 in an atmosphere oontwirnng oxygen and a 

FIG. 4 A aberrates an isometric view of the substrate U0 substantially inert gas, such as argon (At), at a high depo- 

shown in FIGS. 3A~3C after a ferrtnnaguetic material has so sitrnn rale, such as a rate that is about ten tiroes higher than 

been deposited in the porous region 300 to form the mag- the typical deposition rate. The sputtering process creates an 

oetic core 240. FIG. 4B illustrates a top view of the substrate alpha iron oxide film, which is converted (o a magnetic 

110 shown in FIG. 4A. FIG. 4C flmstratcs a cross*sectfonal gamma type by reducing the film in an atmosphere contain- 

view of the substrate 110 along the line 40— 4C shown in ing hydrogen. 

FIG. 4A. Those of ordinary skill in the art will understand 55 In another ernfodrnient, the ferromagnetic material is 
that a variety of jerromayefac materials cap be nscd to form deposited in the porous region 300 using a direct sputtering 
the magnctic-eere 240. For example, in 00c cmrx)dirncnt, a process, r^t-prcssed cobalt (Co) and dtanrmoHkroed ferrous 
material comprising Permalloy having about 81% nickel oxide (Fe,OJ are used as the target in a sputtering reactor. 
(Ni) and about 19% iron (Fc) is deposited in the porous In another embodrment, the ferromagnetic material corn- 
region 300 of the substrate 110. The magnetic material used « prises gamma iron oride films, which ire deposited in the 
to form the rnagnctic core 240 aficcts the inductance of the porous region 300 csmg an RF glow discbarge process with 
inductor 100 when it is fully xar/ricarcd. Thus, the particular iron pentacarbooyl vapor. In this embedment, the gamma 
magnetic material used to form the magnetic core 240 may iron oxide films are forrned by mtrodncmg ffifTwy oxygen or 
advantageously be selected based on the desired inductance carbon dioxide with iron pentacarboxryl into a glow dis- 
v&fue. 65 charge reactor at remperaJnre above about 200° C This 
Id addition, those of ordinary skill In the art will under- process creates amorphous nxn-contammg and crystalline 
stand that the ferromagnetic material can be deposited in the iron oxide films having a particle size less than about 0.1/im_ 
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fa caWS-o* the toioaa^matoM^ pfry method. Sr^cfcajfe HQ. fAI^teffl^etac 

pa^mjno^andfixrifcnTrr^^ vaw of the substrate 110 shown m FIGS. 2A-2C «w a 

porous region 300 using a pulsed mby laser cvar^mtion avity400hasbccnfiwincdin aregionof fJ*sm*^110. 

t»eess. Tte ™tftfef of tbc firms are affected by the FIG. fiB fltasnto * top viewof (he aub^ttOshr^m 

substrate tenn^mtore and oxygen pa*«l pressure during 5 FIG. 6A. FIG. fiC Ofcistoafcs a cross^sccXtonal view of the 

dcwaitMSoTlSs, the properties of the films can advama. substrate HO along tbc Enc 6C^-6C5howuijiFlG^A.T^ 

geouslybT oonnoDed by justing the substrate lempexaturc loeanon of the cavity 400 is selected such that the c*v^ 400 

and oxy rai partial pressure dming deposition. (xcurnesfbcvoteine thai win be aidood by ll* cooAk^ 

pnscs iron oxide mms, w^ch a« ^o^d in the porous 10 be^ ; A<fcsigr^canjte^ 

Ewiismgthel^ * whtob the caviiyJOO wffl be using conventional 

Sd of p^ta^rnethac^aie, a m<^utahrmgpoly- photobthography and masking processes. 

SDcr. The iron oxide films deposited using this process Once the area for the cavity 400 h« been designated, 

comprise iron-defa Fe^ and alpha Fc*O s . those of crdnary skin In the ait will understand that the 

In another embodiment, the fcnomagnetk material com- 13 cavity 400 can be formed using a Lvarkty of fotaUft pro- 
mises Fc*0 4 and Ba-containnog iron oxide films, which arc cesser For example, the cavxty 400 may be formed using 
d^ositedk (he porous region 300 by fertile plating with of a number of well-known etching processes, 
chelated high-alkaline aqueous solutions. Tbc pCjOs and In a preferred embodiment, the cavity 400 is fountd such 
Ba-containing iron oxide flms are framed from chelated that a layer 410 of thesrmstrateUOranamsu^ 
Ingh-aftaline aqueous solutions by f errite plating on the 20 400, Preferably* the layer 410 has a thickness in the range of 
substrate 110, which & heated by lamp beams. The soMrnlity about 20 jum to about 30 /am. As discussed above, the 
limit of the Barcontajning iron oxide films is about Ba/Fe» substrate typically has a thickness in the range of about 700 
016. /an to about 800 jwn, Tons, the cavity 400 penetrates 

FIG SA illustrates an isometric vkw of the substrate 110 subsUmtially the entire thickness of the substrate 110. This 

shown in FIGS. 4A-4C after the conductive posts 210 and 25 configuration advantageously allows substantially the cntte 

tbc conductive segments 220 have been fabricated and volume enclosed by (he cono^ve coil 230 to form the 

intercormected to form we conductive coil 230. FIG. 5B magnetic core 240 when the mductor 100 is nilly fcbr^ted. 

ilroshatcs a top view of the substrate U0 shown m FIG. SA As discussed above, by forming the magnetic core 240 m 

FIG. 5C illustrates a cross^ticmU view of the substrate substantially the entire volume enclosed by the c oriducti vc 

So atogmThS 5C-^5C shown in FIG. 5A Those of coil 230, the mdnctance value of the hector 100 ,s advan- 

ordmary skill in the art will understand that the ronductivc tagqously iocreascd. 

posts 210 and tbc conductive segments 220 can be rabricaled FIG. TA flhistrales an isometric view of the substrate 110 

from a wide variety of suitabk conductive materials, such as shown in FIGS. after a ferromagnetic material has 

metals (e.g^ alunnnum, copper; gold, and the tike), alloys, been deposited in the cavity 400 to form the magnetic core 

doped poIysiKcon, metal suicides, and the like. In general, 240. FIG. 7B ffiustratcs a top view of the substrate 110 

materials having a higher conductivity are preferred to shown in FIG. 7^ FIG. 7C illustrates a crosx^sectibnal view 

materials having a lower conductivity. of the substrate 110 along the line 7C— 7C shown in FIG- 

mow embodiments ™* * ^ » wffl tmder^ that a 

or partially fill the paths 140 to form the plurality of ^ variety of ferromagnetic materia* can be used to rorm the 

conductive ; posts 210. In an alternative cu*odimem, me magnetic core 240. For example, a material compnsmg a 

conductive coil 230 is partially diffused into (he substrate polymer magnet or magnetic partj^mixed m a polymer 

™j ^ can be deposited in the cavity 400. The magnetic material 

In one embodiment, each conductive post 210 and con- ^1°™ M?^Jf^£ 

oWe segment 220* fabricated from a different conduc- « the mductor 100 when it ^y^^;j^^ 

hVe maS This configuration is particularly advanta- P^ar magnetic inatenal used to W ^ma^hecore 

^usbecar^tr*rm>^rf^ 240 may advantageously be sekcted based on the desned 

be cisiry timed througntte^ uiAictarice vahie. 

live materials. For example, the internal resistance of the In addition, those of ordinary skill in the art wul urAr. 

conductive cou 230 can be h^ so ^taod that ihe ferromagnetic material can be deposded m the 

bavin* a hirf*T lesifitAnce for a particular conductive seg- cavity 400 using a variety of suitable processes- For 

ment 220 nEan the average resistance m the rest of the example, the rerrmnagne^ can t» oat « spin 

^nrfivecftil230 coated to fill the cavity 400- Mernatrvely, the ferromagnetic 

TaHtcrnate embocimeat, two dffierent conductive ferial can ^^^J^^^^^' 

cn^a^S^er where the3Sve coil 230 pierces selected based upon available tepo^tqw™^ 

the substrate 110, then the conchictrvc posts 210 thai pierce so In one embodiment, the ferromagDebc rnat^cranm«es 

the substrate 110 can be fabricated from aluminfina. On the rmcromachinable magnetic polymer conrposiles, which are 

other hand, if it is relatively easy to create a barrier layer for deposited in the cavity 400 usmg corrmjexcMl r«lymude 

the «m*ictivc segments 220 that miercormect the crmduc- (Duponl PI-2555) and ternte magnetic powders. 

tive posts 210, then copper can be used for the coiiductive in another embodiment, the ferromagnetic matenal com- 

segments 220. 65 prises polymer-bound iron particle core, which is deposited 

FIGS 6-9 illustrate die step-by-step fonnation of tbc in the cavity 400 by mixing spherical iron pai^^ 

mductor 100 shown in FIGS. 1A-1C using a second eamn- a sire in the range of about 6 fan to about 1 0 m «i* 
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folded at a lanperatuie of abonl \00PC. and at a pressiiie iCr^W.^ tofpIGS. SA^SC, thre* of ordinary 

ann^akd B t a tctnperator ofaW ^^^^ s ^«SlS«sS»2M e» bo fabricated tan * **k 

ia low fieM region, alumminn, coppet. gold, and the like), aHoys. doped 

InMotber et»bodmiwt,the ^nW??^™^ pZS, meUsflkafes, and *e Kke. fa general. «»- 

prises monolayer and mdSfajier dwta ^^*?.£ £falS abigh« condaaWty are preferred to matcriab 

Lnosized iron oade (Fe^Oj panicle* P? 1 *?** w b^X«ioo5i*«mty. 

cjolecules, which are deposited in tt* eavxry <^J*"*» W ZhLimcnL the inductive mMerial is ujed to fill 

Hyei-by-layer electrostatic setf-assembly pioo^. The sob- ^.ST^T^^ETm "fornYme rtnrality of 

™^^bodto^L the ferromagnetic material com- dnctive segment 220 is fabricated from a diffc™* «mdoc 
• T^oSrf Fo-Co ^ST^olymw of anffino live material Tins configuration is particularly adv».ia- 
pnsesncoiE^of^-^^aoDp^y™ geousbeance the properties of the conductive ail 230 can 

formaldehyde, which is deposited m the cavity 4W nsing ^ «^^~ d of & variow ooiufcc- 

farile powder, polymer, «id srivent hmi iflt is relatively easy 10 create a barrier layer for the 

fa another embodiment, the lenomagnenc * SoS"e se^Ste 220 Oat mterconnect the ctmducSee 

^ ^embodiment, the »*£3S it.^oS^^-^""- 

crises a composite of polyamliDc (PANl), which y, deposited ^ " Uv£T^ Jound Ihe comfoaive coil 

BSSiSSSSasS^"^ JB!£t , SiSJKnS3S5SS: 

sofation increases. , . . ^ 9 a ». aiustr^thjepas^tionUyersSOOatefonnedoo 

ft, another embodiment, the forroii^«Uc^Wnal»m. <j ^^^^O andcoUie bottom surface 130 of the 

prise, rerrom.joetjc particle crmmesite (FPQ ^SbflS» T^P^^on Uyers 500 advantageously 

are deposited ia the cavity**) min. a conven^s^ S^^^pSoTtho^dnOivo coi.230 ftom 

«,atmgioethod. Tbe FPC 6fa^ ^7^!^^^ Sfatt^Eatio* ud physfcal damage. In *Jdi6», 

which very fine ^c^n^beparbek* are homogeneously ^^^^ ^ efccrically isolate the oooductive 

disperaed. , ... , j™, coil 230 from any coodncting layers deposited above the 

B 7 depositing the fatromagoetic makW m the cavtty 400 ^^L^.niV> 

using on" of tfae processes d^ed abov^ ^ un4ctstlnd ^ 

^ ^J^^^teZ^ J^ pa Son m »y compose a vaoety of ^itablc 
Be«toe the foroiition of the magnetic core MU ^ Lmxmdnct^e oiafcrisls. The particular material for the 

method involves low tempeiatnre mafcnak, tba * « ^vtS^TOc^ advaiSg^y be selected 

partiodady ^anta^ ^T^ernTb^eTrcqnire^- For torv^nperarurc 

IS ^tSM--' O-s^UO HG. lOithrstrates ^^^^ctT, 
^'mlJS^TC^h7co»factive posts 210 and inductor<onpled cfecuit 600 n. f^f^^^^ 

^^v^r^lO^Ffa^ ^ordinary s^io the art^ut^tand^the 
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cgCttftelO caii comprise a wife variety of Aiftahlc electronic 2. Hie i nrfnrtnr of claim 1, wherein said substrate com- 

cfaanbL In one cmbotWnii, for example, tbc circuit (10 oases silicon carbide. 

comprises aplnralriy d mernory ccfls. The inductor 100 can 3lT1m inductor of cltiinl f wneiein each of said plaraUty 

be fabricated Ti^ng any of the ptocesses described above or of wn flncfive posts and said plurality of conductive scg- 

ostng any other suitable process. Tbc inductor 100 is eke- 5 marts is fabricated from a (Efferent conductive material, 

tricafly coupled to fee circuit 610 by a ptotafity of ojudnc- 4. Tbc inductor of claim L. wherein each of said plurality 

rive paths £20 formed on the substrate Hi. loose of conductive posts and said plurality of cdzmYkovc seg- 

oidinkry skill m the art will understand thai the conductive mans is t\\yp nfr,A from one of two differenl metals, 

paths 620 can bo formed from a variety of conductive 5 A method of fabricating an inductor embedded in a 

materials and using any of variety of wefl-known methods, to g^^^ said method comprising the steps o£ 

HG. 11 EnstratcS * block diagram of a system level fonW a phu^y of piths e^d^ thrt^ said sub- 

embodimeot of (he present invention, A system 700 com- 7 ^ 

□rises a processor 705 and a memory device 710, which . ... 

Kesmemory circuits and cells, electronic drcuite, dec- * com m said substrate, 

trouic devices, and a power supply drcuit712 coupled to a 15 depositing a conducive material m said paths to form a 

plurality of inductors 100 of ope or more of the types plurality of conductive posts; and 

described above. The memory device 710 comprises a fabricating a plurality of conductive segments that inter* 

memory array 715, address circuitry 720, and read circuitry connect said conductive posts to form a conductive 

730. Furthermore, the memory device 710 is conpfed to tbc ^jr 

pro^705 by an addr^bus 735, a bus 740, «kU *> ^^efcin said step of forming a magnetic ooze comprises* 

control bus 745 fo^g a pc™* m said substrate; and 

T^pn«cssoc70S,thrc^^ depositing a ferromagnetic material m said porous 

bus 740, and the control bus 745, communicates With the region 

proccssox 705, address information, data intoimahon, ana _ ... - . , . frov ^ ™£f,„Kvr>v 

con^mformacon are provided to the memory device 710 P**** * P^coru^scs fco^g^ ^ oar " 

Sh the address buV735, the dau bus 740, and the ^ ™ ^^/^^J^. 611 ^ fJ^L™ » 

control bus 745, respectively. This information is decoded 7. The methodof cUuu 5, wherem satdstep of forming a 
by addressing circuitry 720, which inchnfcs a row decoder ^ phu^Kty of paths composes usmg an etctog TU^cess. 
and a colmnn decoder, and rcsd circuitry 730- Successful 30 S. The method of claim 5. wherem sarf step of forming a 

completion of the read operation results io rnformation from plurality of paths cannpriscs using a laser, 

the memory array 715 being cernrnunicatcd to tbc processor 9. Tbc method of daim 5, wherein said step of forming a 

705 over the data bus 740. plurality of paths comprises using a drilL 

Although the foregoing has been a descr^tion and fflus- 35 10. The method of claim 5, wherein said step of forming 

tritxm of specific: embodiments of the invention, various a magnetic core comprises foaning a magnetic core in a 

modifications and changes can be made thereto by persons region of said substrate bounded by said plurality xrf paths, 

skilled in the art, without departing from the scope and spirit 11. The method of claim 5, wherein said step of forming 

of the invention as defined by the following claims. a. porous region comprises using an anodic etching process. 

What* claimed is: „ The method of claim 5, wherein said step of forming 

L An inductor comprising: a porous region comprises using a laser ablation process. 

te . 13. The method of claim 5, wherein said step of depos- 

asuosrxaie, ferromagnetic material comprises depositing Permal- 

a magnetic core embedded withm said substrate; and ^ 

a tinxe-dimensional conductive coil comprising a plural- v&faA of claim 5, wherein said step of depos- 

ity of conductive posts mtcTcoonccted by a plurality of itfn £ g ferromagnetic material comprises using a chemical 

conductive segments, vapor deposition process, 

wherem said conductive coil surrounds said magnetic 15. Hie rnethod of claim 5, wherein said step of depos- 

eore, and iting a conductive m****"^ in said paths comprises one of 
Yfhrrtm in* rrgr*> COW comprises a parous region of ^ fining or lining said paths with said conductive material. 

said substrate having a ferromagnetic material depos- 
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ABSTRACT 



High quality factor (Q) spiral and toroidal inductor and 
transformer are disclosed that are compatible with silicon 
very large scale integration (VIST) processing, consume a 
small IC area, and operate at high frequencies. The spiral 
inductor has a spiral metal coE deposited in a trench formed 
in a Hyl"*n^ layer over a substrate. The metal coil is 
enclosed in ferromagnetic liner and cap layers, and is 
connected to an underpass contact through a metal filled via 
in the dielectric layer. Tot spiral inductor also includes 
ferromagnetic cores lines surrounded by the metal spiral 
coiL A spiral transformer is formed by vertically stacking 
two spiral inductors, or placing them sxde-by-side over a 
ferromagnetic bridge formed below the metal coils and cores 
lines. Hie toroidal inductor includes a toroidal metal coil 
with a core having ferromagnetic strips. The toroidal metal 
coil is segmented into two coils each having a pair of ports 
to form a toroidal transformer. 

4 Claims, 5 Drawing Sheets 
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1 2 

INTEGRATED CORCUIT INDUCTOR CoavcmtoJ («tocto« and iniBfarauas on sQico^ 

~ . .. .. . „_,, , have strictly ptuur ittuctorcs ujd are febricaied witb 

^^mcdAug.IS.lWwfacbapplicatfooisnow: fcr from several limiutons. Fr«, coovatioaai aWiZ, 

«■«»■*». j intcrojnoecitcdjnolo^hasartlalfvdyhighm^ 

BACKGROUND OF THE INVENTION ^^^^^^^ 

1. Field gf the Invention livity R lowers the quality factor Q, a* seen from equation 

the present invention is directed to integrated circuit lf) ^L^^JS^f 2 Stron ^ fL ? u P lc l tp $i 
inductors and (r^fbrmea, and methods tor mSi* thereof which 15 a lossy conAtcior with large skin depth, 
and more particularly, to spiral and toromalirXctors and !Ti ^^^ te& ^ l ?^^ too i^ 
transformers having high quality factor 0 f? 003 ° f the mdncUncoL 
Z Dit^vem «f ih+ vJL a« Furthermore, energy is dissipated by the high resistivity of 
i D^oo of the IVtorArt the Substrate, which Mi^c^rSS 
Many digital and analog components and circuits have 0> 
been successfully implerncated in silicon (Si) hased iotc. To date. Q values for inductor made by conventional 
grated circuits (ia). Such components include passive methods are significantly below those achievable on a 
devices, such as resistors, capacitors, and inductors. printed circuit board, or on gallium arsenide (GaAs) sub- 
Implementing high quality factor (Q) inductors that oper- ******* **** »° M <M) metalkatmn. Another problem is that 
radio frequencies (RFs) remain pmblemark in 20 inductance values (L), as are requited in RF chokes for 
silicon based very large scale integration (VLSI) IC semi- ™P te » require a large silicon chip area. The large area 
conductor chips. For microwave and wireless communion- requirement prevents miniaturizatioo of chips. In addition, 
uons applications, it is desirable to integrate inductors and physically large RF chokes cannot operate at high 
transformers n»noJithkaIly 00 bulk siheon (Si\ sfiicon-on- frequencies, where the short wavelengths necessitates pbysi- 
insulator (SOI), or ^Qidoii-oq -sapphire (SOS) chips. For 25 small and miniature components, 
these applications, considerable innovation * necessary T ? overcome some of tbe limitations of spiral inductors, 
before adequate values of inductance (L), as well as high toroidal inductors are used. Conventional multilevel inter- 
quality-factor (Q), arc obtained. Tbe quality-factor (Q) b - conneet technology allows fabrication of solenoidal or tor- 
given by equation (l)r oidal inductoi structures instead of an inductor having a 

30 spiral configuration. Toroidal inductors have the benefit of 

O*/'* (i) confining the magnetic flux, thereby mmimizing substrate 

wtert losses. However, conventional integrated toroidal inductors 

* have comparably small inductance and Q values for a given 

counter or resonant angular frequency of oscillation; silicon area, relative to the planar spiral inductor configu- 
L-irjducUncc; and 35 ration. This is because the area enclosed by wire windings of 

It-resistance. conventional toroidal inductors is email due to the limit in 

Most sttucrures and methods used for fabricating high Q vc rttcal dimensions of the thin films used in conventional 

indnciors and transformers in hybrid circuits, uwnolithic VLSI processing. 

microwave integrated circuits (MMICs), or discrete apoli- In lifibt Q ? 106 foregoing, there is a need for high Q 

cations (e.g,, at larger dimensions, with better metak/on 40 mAictors and transformers suitable for integration in IC 

lossless substrates, etc.) are not readify compatible with chijpfi » 35 VL$ * Ic ****** 

silicon VLSI processing. The following references discuss » mA , intf ^ 

conventional high Q inAictor fabrica^n rnethoosT SUMMARY OF THE INVENTION 

L R. Naster et at, "Method for Fabricating Silicon-on- 4$ "H* object of the present invention is to provide high Q 

Sapphire Monolithic Microwave Integrated Circuits" inductors and transformers, and methods of making thereof 

U$. Pat. No. 4,418,470 (1983); ' *« eliminate the problems of corrventional inductors and 

2. R. Stengel and C NejdL "Planar toduoors", U.S. Pat. lfan5fonDCIS ' 

No. 4,494,100 (1985); Another object of the present invernlrm is to provide high 

3. R. Scranton and D. Thompson, "Capacitive Sensing *> 9 and transformers thai arc suitable for integration 
Employing Thin Film Inductors'', US. PaL No 4 648 f. Y™ IC ch ^» oonsatme a sm&O IC area, and operate at 
087(1087); high frequencies. 

4. J. Bhagat. "Miniature Inductor for Integrated Circuits 111(1 0lbcr °^ ccts of **** mvenoons are achieved by 
and Devices", U.S. Pat No. 5,070317 (1991); ? 5™ mduc<or * method of making thereof. The spiral 

5. N. Andob et aU -Iriductivo Structures for Sen^Wuc- 55 ^l^T^^J^^ ' ^ ***** a 
tor Integrated Circuits", ^NoSWS^ Jnr^I trencfi; ind a first sp**! metal coil formed in the spiral 
(1992). ' 5,055^57 trench over the liner to increase an aspect ratio thereof. 

6. A. Hubbard, -Integrated Circuit Inductor" VS Pxl , A * nt ***&**- ^ bottom and sides of the 
No. 5^27 JS59 (19^ moucwr, pat Uxnch, and a cap layer may cap the first metal coil so that 

-7 1 c. j.» . K i „ n , » w first spiral metal coil is enclosed by the cap and liner 

7. L Saadat and M. Thorny -Process for Maldng Micm- layers. Io addition, an underpass contact is formed in *c 

. ;/ * one cod of the first metal coil emends into a via formed in 

It c. Ann et al, "A Fully Integrated Planar Toroidal the dielectric layer to connect to the underpass contact 

^S^r^^^^v"'^ f ™ "f*^ « Ferromagoeiic core lines are formed in a core sorrounned 

t^SI?* 5, P * Ckag ' Mamif.Technol.A by the first metal coiL %esc core lines are electrically 

{lW4 > separated from each other. 
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hi another * ^>~k™-" » of the present irrventinns, a sec- thin- 61m materials may be used The mvcotive inductor is 
and metal aril is formed in the dielectric layer. The second easily incorporated on VLSI integrated rircnil (1Q chips, 
metal coil may be vertically stacked over the first metal ccnl Advantages of the inventive inductor include the follow- 
er adjacent thereto, m me latter case, a rtrromagDetie bridge ing. First, use of the damascene end dual-damascene 
is formed below, and contacts, me two adjacent mete! cculs. s processes, with a preferred (high-conductivity) metal sucb 
The taumagnctic bridge may also be formed below the first &s cooper (gold or silver), allow thicker dimensions for 
metal coil m the vertically stacked coils configuration- The single and multilevel icSereonnects. The thick interconnects 
ferromagnetic bridge reduces rrwgncric flux pcnctralion into further lower the interconnect resistance. The thick 
the substrate. This increases the quality factor 0 by mcrc&s- interconnects, and the low resistance material (e.g* copper), 
iog the mdnetanee L. 10 greatly reduce inductor parasitic resistance R, thereby 

In the vertically stacked configuration, an overpass con- increasing Q. 

tact may be formed in the dielectric layer above the second Second, a ferromagnetic liner near side wafts, bottoms, 

metal coil The two vertically stacked or adjacent ceils may and/or tops of a metal line or coil of the inductor, eg., the 

each have a pair of ports to form a spiral transformer. spiral inductor, as can readily be incorporated by the dams- 

Another embodimtut of the present inventions is a toroi- 15 scene process, increases the permeability in the region 

dal inductor and a method of tna&jng thereof. The toroidal enclosed by me inductor where the magnetic field is the 

inductor comprises a dielectric layer formed over a largest This increases the mdnctance L, which in turn 

substrate, and a toroidal metal ooH formed in the dielectric increases 0, 

layer. Txnrd, a farmer increase of L is achieved by adding 

The toroidal metal coil is formed by segmenting the first laminated dummy structures of ferromagnetic and copper 

metal coil of the spiral inductor into first metal segments that material in a central 01 core region of the inductor structure . 

are electrically separated from each other by the dielectric The ferromagnetic core is also beneficial in a transformer 

layer. Second metal segments are rbnDed over the first metal structure, comprising two or more vertically stacked or 

segments, where the second metal segments are electrically sice-by-side spiral coils, because the ferromagnetic core 

separated from each other and from the first metal segments increases the mutual inductance between the coils without 

by the dielectric layer. Metal studs are formed in toe increasing the parasitic capacitance, 

dielectric layer to connect opposing ends of the two metal Fourth, a ferromagnetic core can also be introduced into 

segments to form the toroidal metal coil in the dielectric ^ ^^al inductor structure so that the inductance is 
layer. ^ increased significantly over that achievable with an air core. 

Inner and outer surfaces of the toroidal metal coil arc lined \ toroidal transformer with a ferromagnetic core has the 

with a ferromagnetic material. Ferromagnetic material or advantage that the coils could be spaced apart laterally, in 

strips are formed in a core defined by ibe inner surface of the order to reduce the parasitic capacitance between them, 

toroidal metal coit The ferromagnetic strips are separated without sacrificing mutual inobctrve coupling. 



from each other and from the inner surface by the dielectric 
layer, 



BRIEF DESCRIPTION OF THE DRAWINGS 



The spiral and toroidal inductors are formed nsmg a series Further features and advantages of the invention will 

of damascene processes, as described in greater detail in become more readily apparent from a cr^osideraoon of the 

U.S. Pat- Nosv 4,702,792 and 4,789,648, both to Chowet aL, following cetailed description set forth with reference to the 

and VS. Pat- No. 4,944,836 to Beyer et aU all assigned to ^ accompanying drawings, which specify and show preferred 

IBM corporation and incorporated herein by reference. embodiments of the invention, wherein like elements are 

These damascene processes include etching trenches in the designated by identical references throughout the drawings; 

dielectric, rilling the trenches with desired material, e.g., ^ j Q 

metal or ferromagnetic, and plan arizing to remove excess nQ$ ^ top ^ ^osfr^tionai views of a 

material rcmaining after the filling step, 45 damascene spiral inductor according to the present inven- 

The integrated spiral Uanstonner on a silicon substrate, £ 0n , 

which is formed by ^^. l ^^ < ^^ FIGS. +4 show top and crc^ctional views of a 

tors m a vertically stacked or s^y-sidc s^cture has dam ind thinner having vertically stacked spi- 

undesirable capeemve couplmg. That * ^couphr^tween ^col^rcing to the presem Mention; 

two ports of the spiral transformer, made from two spiral $0 ~~ , t « ^-7!^ rtf fl 

triors, is not only of an electromagnetic type, as desired. FIGS. 7-4 =bov/ top and cjoss-seetional views of a 

ISSn to fce7le«romagnetic couW^of the con- damascene spirt uWormer hsvmg side-by-side sprral 

phng between the two spiral transformer ports, there is also coils according 10 the present mvenbon; ^ 

a strong capaciiive component as a result of the geometrical FIGS. 9-11 show top, partial aree-dmienswnal, and 

arrangement 55 cioss-scctional views of a oamascene toroidal irrrrucior with 

To reduce the e^pacitrve coupling, another embediment of an air core according to the present invention; and 

the presenilation, is an integrated toroidal transformer FIGS, 12-14 show top, partial uVee^irmensional and 

on a silicon substrate. A toroidal transformer is formed by cross^ctional views of a damascene toroidal transformer 

splitting or segmenting the toroidal coil of the toroidal with a ferromagnetic core according to the present mvention. 

inductor into two separate windings or coils, each having a <so nPTAFT Pn nP<^RIPTION OF THE 

pair of ports. This forms the toroidal transferer that has a DETAILED £E^PTTON OF TOfc 
much less undesirable capaciiive cross-coup lirig than the 

spiral transformer. FIGS. 1-3 show top and cross^tional views of a 

The inventive inductor structure includes single -and mul- damascene coppcr/f « ro align e tic spiral VLSI inductor 10, 

tilevel integrated inductOT structures niade by a metal 65 acceding to one crnbodimcot of the present mvention. The 

(single) damascene and duaMamascene processes, for spiral inductor 10 is fabricated over a substrate 12, wbcb 

example, with copper as the metal. Optional feiTomagnetic may be silicon (Si), silacooHJn-msulator (SOI), or silicon- 
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from a metal Enc or coil 16 by *c tekct&lfoU mLT^ ^ ^ ^ , v. process 
musfratively, the metal 16 fa ^ ((^2^^ 2* « ^"^^ cbakWrne process, to 

Preferably, the metal 16 is copper. The metal Hoe 16 U ™^ a »«»^^24. 

arranged in a spiral shape. FlG.lsfcw the metal Ibc 16 in 1- ccypcr temasccoe process m particular enable* fcr- 

a square spiral shape, however otter ^iral shapes, snefa as mato™ of m*ch higher aspccw*ba hoc* and much Iarger- 

rectangalar or circular spirals may also be formed **** ™* cravenoonal AMme/W<md processes. The 

The metal Kuc 16 is formed by using a dual damascene ^ aspect ratio of the metal line 18 substantially reduces 

process, which includes the following steps: W , ScricSHXa5tanoc 01 *o* spiral iockctor 10. Similarly, the 

(a) etching i spiral trench 25 and via 26 jruo the dielectric ^^ ^^ w^ are filled with a metal having a 
film 14; W resistance, substantially reduce the contact and via 

(b) deposinng metal It in (he etched spiral trench 25; and ^^^T %k ^ 1 *H ia 
A single damascene process refers to forming and fining ntostrahvcirtW L. 

SSLaessssesS . gSSS 

formed by this damascene proce3S bttikt (to* ha^nt ™ ?*:. Tta * «?■"»>»* *= «n« resistance of the 

■mmmSu^SlXSSZ StSSSTtf <S ^^^Sfi^f r ««»30 •» separated 

metal line M 16, which ihcr^to JXT^q £S2£2 £ K * f* 50 ^ 
Illustratively, the thickness Tof the metal lkeieb^ro^ « ^ SSSflfSJ?^* C0 " LoeS 30 " 

mately 3 microns, and the width W htZTj jL^Zl S ', m of *• 

microns or more »ppronmawiy 3 present mventwq, two spin! coils or mcul lines It, If are 

resists ,eduelic« of copperas me l^^^rados ofHG Yafo^KS' 5r " 2" < * 0SMea !^ <*" 

achieved with tbc daniascenTprocess. ^ of ™»ut ,^J^f^^ 0 J^ Aea,K ^^ wiew 

inductions n^nrr 1™. 7r JrT_T , 1 _ i . simUar elements 16-26 shown m FIGS. 1-3. As shown in 

temZT* 'JSJ a '?^ 0r i e * F,a *' ^ onl y * that element 22' refers^ 

ST£,"ff S » ?,? -T*" ^r 2 -* • «»"— ■ 

T^dttaWMascenep^essisaJsoused fortofonn,. ^*eleetrieUyer Hfrom me"^ metal coil 

tton of underjMBS contacts 22, 24 at the ends of the spiral As in the spiral indnoor 10 of FIGS 1-3 femmaMtfe 

spiral metal tin* 1 IS !^ rTfitf^T- r I . formod 111 ^ l^yer 14 in a core surrounded by 

^t^^ts 1 ^^^;^^^ t:i*^ &ucktd r al OTik ^ 

lin(tmi „ i> «««u^ uuuw ao. junsnauveiy, me core hues 30 improve electromagnetic couolinff berweco the 

jndcrp^ contacts 22, 24 are p.rp.Dd.cu.ar to tbe ^a! IjQe vertically stac^ spiral coi^Mfi^rS^r^ 
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depth in the dielectric layer 14, which depth is similar to the or lower dielectric Uycc 14. A dnalnianiascenc Cn-process is 

depth of the lower element* Iff to 26*. used to form vias 26 and a set of top trenches by selectively 

FIGS. 7-8 show en alternative embodiment of a spiral etching the top dielectric layer 14*. Each vias 26 extends to 

transformer 70, comprising two spiral inductors 10 of FIGS. one cod of the lower metal sections 104. A Separate via 26 

1-3 fanned side-by-side, e.g^ either coocurrcnlly or 5 ^ formed over each end of each lower metal section 104. 

sequentially, over the substrate 12. FIG. 7 is a top view of The dual dan n yr"" process also rncJudes filing the Was 

die spiral transformer 701 while FIG. 0 is a CTOSfr g O C t wnal 26 and top trenches wrih CiCtaL The deposited copper in the 

view of FIG. 7 along line YY 1 . The side-by-sidc spiral coils top trenches forms the top Co sections 110. Filling the vias 

1 J. 16" of thetraEsfcr^r 7t sn^femm^g^cer^ 2 6 a nd top trenches with metal forms the toroidal coil loops 

30, 3* respectively. In this case, both spiral coHs Id, 16 m ^ ^ — ^ m m ^ 

ire preferably contacted through underpass contacts, which - v *± ZZat*** 102 w it* inn rs 

are s*nla7io the underpass contact 22 shown in FIG. 2. A 12? 26 ' ^. t ~ 1 -f*J 7 r .fS^uSJrE 

ferromagnetic bridge 72 is formed daring the fabrication »: "J* ' ^ ^ ?5 

process* those^derpass contact The ferromagnetic ^n** m J"" of «> a 102 

bridge 72 b formed below and between aojaceoJ portions of d ™\ c °* B * ... r . _ . „ . 

toe two spiral coils 16, 16", and below the two ferromagnetic 15 Prior to Uus cepc^nof metal, the vias 26 and top 

core lines 30, 30*. The ferromagnetic bridge 72 increases the trenches may be hned with a tcrrora ague tic Unci 19. A 

mutual inductance between the two spiral coils 16, 16". ferromagnetic cap Iff may also be formed over the top Qi 

A second ferromagnetic bridge 74 may be provided to sections. This encloses the top Cu sections 110 in ferromag- 

rurtber increase the mutual inductance between the two netic material 

spiral coBs 16, 16". The second ferromagnetic bridge 74 20 Instead of having a dielectric core 120 between two Qi 
may be formed over the two spiral coils 16. 16" and sections 104, HO and vias 26, ferromagnetic strips may be 
ferromagnetic core lines 30, 30", for example, aligned with formed in the core 120. FIG. 13 shows ferromagnetic strips 
the lower ferromagnetic bridge 72. By confining large 130 formed within the dielectric layer of the core 120. The 
portions of the magnetic fields external to the two spiral coils ferromagnetic strips 130 are preferably formed using a 
16, 16", these ferromagnetic bridges 72, 74 decouple the 2s damascene process and do not electrically contact the metal 
transformer from the integrated circuit substrate. Such a sections 104, U0. Instead of the ferromagnetic strips I3Q, a 
ferromagnetic bridge structure can also be applied to the ferromagnetic layer electrically insulated from the metal 
stacked transformer structure SO of FIGS. 4 and 3 and to the section 104, HO may be formed, by the damascene process, 
spiral inductor 10 of FIGS. 1-3 in order to reduce or restrain However, Segmenting the ferromagnetic layer into the for- 
me magnetic flux from entering the lossy silicon substrate. 30 romagnetic strip 130 prevents excessive Eddy currents. 

In another ernbrxKrnent of the present invention, toroidal The damascene process forming the ferromagnetic layer 

inductor and transformer structures are formed by using a or ferromagnetic strips is similar to previously described 

similar fabrication process as described in connection with damascene processes. That is, the top dielectric layer 14' is 

the spiral inductor 10 and transformers 50, 70 of FIGS. 1-8. formed over the lower as sections 104, trenches etched 

FIG. 9 shows a top view of a damascene toroidal inductor 35 therein and lined with ferromagnetic tiner 1$. Next, ferro- 

100 having continuous loops 102 that are arranged to form magnetic material is deposited to fill the lined trenches, 

a square shaped toroidal inductor 100. The loops 102 may Excess ferromagnetic material may bo removed by 

also be arranged to form other shaped toroidal inductors, planarmng, e,g,, using CMP, and the ferromagnetic filled 

such as rectangular or circular toroidal inductors. FIG. 10 trenches capped with a ferromagnetic cap 20. The ferromag- 

shows a three-dimension al perspective view of one of the 40 netic liner 18, cap 5 and ferromagnetic material filling the 

loops 102, and FIG- 11 shows a cross-sectional view of a trenches may be identical. That is the ferromagnetic strips 

partial loop 102. 130 may be formed by filling the core trenches. 

As shown in FIGS. 10 and 11, the loop 102 has first ot Alternatively, the ferromagnetic strips 130 may be formed 

tower metal, e.g., copper (Cu), sections 104 that are sepa- as follows. After forming a thin dielectric layer over the 

rated 60m each other. The lower Cu sections 104 are formed 45 lower Cu section 104, the ferromagnetic layer is formed in 

using a process simitar to that described in connection with the core 120. Selectively etching the ferromagnetic layer 

FIG. 3. That is, a planar spiral trench is formed, e g , etched, forms the ferromagnetic strips 130 which are separated from 

in the dielectric layer 14, and metal deposited therein. Next, each other. 

the planar spiral metal s& segmented, e.g., portions thereof After forming the fcrroraagneticstrips 130, the top dietec- 

etched, to form the separated metal segments or sections so trie layer 14* k formed thereon, (if not already present, e.g., 

104. in the case having a ferromagnetic layer instead of fcrrc- 

rVeferably, instead of forming a single planar spiral magnetic strip 13), and using the dual-damascene 

trench, separated Drenches are formed on the dielectric layer Cu-process described In connection with FIGS- 10, 11, the 

14 located above the substrate 12, and are arranged adjacent metal filled vias 26 and top Qi sections 110 are formed to 

to each other to form a planar loop having a square, s$ close the toroidal coil loops 102. 

rectangular^ circular or other shapes. The tre n ch e s are filled The toroidal inductor 100 has a larger wductance than the 

with copper 104. Excess copper is removed by ptanarizing, spiral inductor 10 of FIG. 1. The achieved inductance 

e.g., using CMP. enhiocement of the toroidal inductor 100 is roughly equal to 

Similar to FIG- 3, a ferromagnetic liner 18 may be formed the relative permeability of the ferromagnetic material ami- 

at bonom and sides of me trenches prior to deposition of the so tiplied by the volume-fraction it occupies m the core area. 

metaL The ferromagnetic liner 18 enhances the inductance This inductance enhancement is in the range of appron- 

of the metal sections 104. A ferromagnetic cap 20 may also mately 500-10000. The magnetic flux is confined within the 

be formed over the metal sections 104. This encloses the dosed ferromagnetic core-loop 120 and does not stray into 

metal sections 104 with the ferromagnetic Liner IS and caps the silicon substrate 12, as in the case of the spiral inductor 

20. 63 structure 10 of FIG. 1. This allows £ot high Q-factors at high 

Next another dielectric layer 14* is deposited over the inductance values and reduces the possibility for coupling 

capped metal sections 104 and exposed portions of the first between adjacent inductors. 
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The toroidal intfuetar 100 having a ferrumagne tic core has 
also advantages if designed as a tfans&nnw. FIG. 12 shows 
a toroidal tra nsformed 150 where (he metal loops 102 of 
FIG. 9 are separated into two loops 155, 16% having poets 
1«U70 F respectively. The ferromagnetic cor© or strips 130 5 
^rt^l 2 strong mutual inductive coupling between the 
ports 165, 170 F while the lateral spacing 175 between 
adjacent bops can be sufficiently Luge to ™ Vm> the 
parasitic capacitance. 

The spiral and toroidal mductoia and transformers may be to 
integrated on semiconductor integrated chips QCs\ such as 
VLSI chips, that include various other circuits and 
components, which may be active and passive devices, 
flhistiatively, the spiral and toroidal inductors and trans- 
formers are integrated monoIithicaUy on bulk silicon (Si), 15 
sOicon<m-msulator (SOI), or sflkcu^sartfbirc (SOS) 
chips. For example, such chips may operate at high radio 
freauencifis, and used in microwave and wireless commu- 
ojcaiiaos applications. 

The inventive spiral and toroidal inductors md transform- 20 
ers require smajQ silicon chip area and have thick metal coils 
and mtercormects, i.e, metals with Urge aspect ratio. Thus, 
the metal eoib and interconnects have low resistance which 
increases the quality factor O. The magnetic fields are 



10 



art that the foregoing and other changes in form and details 
may be made therein without departing from the spirit and 
scope of the invention which should be limited only by the 
scope of the appended claims. 

Having thus described our invention, what we claim as 
new, and desire to secure by Utters Patent is: 

1. A method of forming a planar monolithic inductor 
comprising the steps of: 

(a) forming a first dielectric layer over a substrate; and 

(b) forming a toroidal metal coil m said first talectric 
layer; wherein said toroidal metal coil is formed by 
forming a first rrcuch in said first dielectric layer; 
depositing a first metal in said first trench; segm eating 

said first metal to form first metal segments; 
forming a second dielectric layer over said first metal 
segments; 

forming, in said second dielectric layer, vias over ends 
of said first metal segments, and a plurality of 
trenches between opposing vias of adjacent first 
metal segments; and 

depositing a second metal in said plurality of trenches 
and vias. 

The method of claim 1 further comprising forming 



mcreases the quality factor Q. The magnetic fields are ferromagnetic strips in a core defined by anirme^aceTf 
confined in the ferromagnetic slops, thus reducing coupling is »id toroidal metal coil, 
of the magnetic fiekfe tn tN? .Ri tn 1 k«tt^i> tu:* ^ .u. a tw .1 1 _o . * 



of the magnetic fields to the Si substrate. This mcreases the 
iirturtaoce L and, corjscquentfy, the quality factor Q. In 
addition, the confined magnetic fields reduce energy dtssi- 
palion in the Si substrate, which prevents recuction in the 
quality factor Q. 

The laminar ferromagnetic core hoes 30 (FIG. 1) of (be 
spiral uaoucio^transformer and strips 130 (FIG. 13) of the 
toroidal irKfcctOT/n^nsfbimer farther increase the inductance 
U by raising tbc magmtnoe of Lhe magnetic field in the core. 
In the spiral case, only a small portion of the extensive 35 
magnetic field is coupled by the ferromagnetic lines 30, 
mcreasing the inductance L by a factor of approximately 2. 
In die toroidal case, the ferromagnetic strip 130 increase L 
by up to approximately a factor of 10,000. 

In a specific example, spiral inductors with Q of 40 at 5.8 40 
GHz for a 1.4 nH inductor, and Q of 13 at 600 MHZ for an 
80 nH inductor has been achieved. These inductors have 
approximately 2x to 3x higher Q-factnrs than that of con- 
ventional silicon integrated inductors. 

While the invention has been particularly shown and 4S 
described with respect to illustrative and preferred embodi- 
ments thereof, ir will be understood by those skilled io the 



3. The method of claim 1 further compris ing separating 
said toroidal metal coil into two toroidal metal coils, each 
having a pair of ports to act as a toroidal transformer. 

4. A method of forming- a planar monolithic inductor 
30 comprising the steps o£ 

(a) forming a first dielectric layer over a substrate; and 

(b) forming a toroidal metal coil in said first dielectric 
layer, wherein said toroidal metal coil is formed by 
forming a first set of trenches in said first dielectric 

layer; 

depositing a first metal in said first set of trenches to 

form metal segments; 
formmg a second dielectric layer over said metal seg- 
ments; 

forming, m said second electric layer, vias over ends 
of said metal segments, and a second set of trenches 
between opposing vias of adjacent metal segments; 
and 

depoating a second metal in said second set of trenches 
and vias. 



PAGE 57/79* RCVD AT 2/24/2005 3:38:17 PM [Eastern Standard Time] • SVR:USPT0-EFXRF-1/6 * DNIS]|729306 _« CSID:M 892 6363' DURATION (mm-ss):24-22 



FEB 24 '05 17=20 FR IPLAW E FISHKILL 



845 892 6363 TO 917038729306 P. 58/79 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 5 *84^ 
DATED : Mardh 11, 1999 



tNVENTOft(S) Joachim N.8ni<^ait2,et2L 

Kte certified that error appears in th* aJwe-Wanfffed patent and that said Letters Patent te hereby 
corrected as shown betow: 

On the Title Page* Section 154]: "integrated circuit inductor" should read —METHOD OF 
FORMING AN INTEGRATED CIRCUIT TOROIDAL INDUCTOR— 

Column U line 1: "INTEGRATED CIRCUIT INDUCTOR" should read 
-METHOD OF FORMING AN INTEGRATED CIRCUIT TOROIDAL INDUCTOR- 



Signed and Scaled this 
Twenty-first Day of December, 1999 




Q. TODD DICKINSON 



Attesting Offtctr 



PAGE 58/79 ' RCVD AT 2/2412005 3:38:17 PM [Eastern Standard Time] * SVR:USPT0£FXRF«1/6 1 DNIS:8729306 ' CSID:845 892 6363 ' DURATION (mm-ss):24-22 



FEB 24 '05 17:20 FR I PL AW E FISHKILL 



845 892 6363 TO 917038729306 



P. 59/79 



United States Patent 

Eberhardt 



119) 



USOQ5461353A 

Hi] Patent Number: 
[45] Date of Patent: 



5,461,353 
Oct 24, 1995 



[54] PRINTED CIRCUIT BOARD INDUCTOR 
(751 bvemon John E. Eberhardt, Alphareaa, Ga. 
(73) Assignee: Motorola, Inr. T Schaumbm^ ^ 



(21) AppL Ho-: 298/1*7 

(22) file* Aug. 30, W4 
{51} Int a.* 

[52J us. a 



[58) Field of Search 



_ HOI* 21/1* H01F29AX) 
333/246; 334/56; 3367B4 C: 
336/200 
.333004,205, 



156) 



333/246; 334*56. 71; 336/200. 84 R. 84 Q 
84M, 144 

References CiUd 
U.S. PATENT DOCUMENTS 



Z910662 
3,185^47 
3,290,75$ 
3,512,254 
3,881,244 
3>913£19 
3347334 
4.03*693 

AJ16M5 

4*494,100 
4>302jG25 
4,536,733 



HV1959 Rex. 

5/2965 Freymtxtocn . 

12/1966 Moycr . 

5/1970 Jenkins 



Kendall - 
10/1975 LicfcWaa , 

471976 Obcn , 

6/1977 XmtsofietaL 

3/1978 Mohhcn 

12/1979 Sdtow — 

1/1983 VandciuU 
1/19*3 Stengel* at ~ 
2/1985 Cad. Jr.ctaL . 
8A985 Shelly 



29/620 

29/602 

29/592 

-29/25.42 
_ 361/400 
_ 336/20Q 

29/620 

_ 29V25.42 



„ 336/200 
334/56 X 
„ 336/182 



11/1990 Left* ^ 
t/1991 Kenwiy 



4,968,999 
4,986,160 

5,055.816 10/1991 AltaaactaL. 

£36*379 H/1994 FnjDd — 

5373412 12/1994 Kaaa~fr»na ct al 



.333/246X 



. 336/144 X 
_ 336/200 
, 333/246 X 
336/200 X 



FOREIGN PATENT DOCUMENTS 



59-103320 6/1984 Japan. 
154607 7/19*7 Japan 
7405 1/1990 Japan 



. 336734M 
- 336/84 R 



771701 4/I9S7 Umied Kngdkjm . 

OTHER PUBLICATIONS 

Askin £t aL. Printed Inductor with Shoring Bars, etc IBM 
Tech. D«d. Bulletin. voL 28. No. 7. Dec 1985. pp. 
3194-3195. 

Primary Examiner— Paul Oensler 

Attorney, Agent, or f«w— Pedro P. Hernandez; Kenneth M- 

Maswow 



[571 



ABSTRACT 



A multilayer primed circuit board (100) includes a plurality 
of layers (103, 102, 104, 106. 108 and 110). Located within 
intermediate layer 006) is as inductor (200) which is 
shielded by cop layer ground plane (202) wad bottom layer 
ground plane (204). Id another embodiment of the present 
invention, the iodnctor (200) can have its inductance 
adjusted by way of a Sndnctancc adjustment runner (316, 
318) or by an elcctioinc inductance 

U Claims, 4 Drawing Sheets 
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PKBOED CIRCUIT BOARD INDUCTOR 

TECHNICAL HELD 

TMs invention relates in general to electronic assemblies 
and more specifically to an inductor fanned on a printed 
circuit board. 

BACKGROUND 

Electronic circuit designers most constantly address the 
issue of interference such as radio frequency imeiference 
(RFI) and electromagnetic interference (EMI) which affect 
the pexrwujauce of the circuits winch they design. Typical 
solutions to interference problems include separating cir- 
cuits from one another in order to minimi-** interference, 
placing metal **cani" over sensitive circuits or circuits which 
arc die generators of interference signals oscillator 
circuits, etc.). Another problem presented when designing 
electronic circuits such as radio circuits is minimidng the 
amount of board space required to implement a given circuit, 
furthermore, in the case of some circuits such as filters and 
transmitter circuits, it is also inaponant to design circuits 
which can be tuned or adjusted in order to overcome the 
changes in circuits due to componeni tolerance variations, 
etc 

Cost is also a consideration. An inductor which is built: 79 
into the same printed circuit board as there** to circuitry 
rccaices material does not add much additional cost to the 
manufacturing cost of the dectionic assembly. Another issue 
confronted by designers is componeni tolerances. Inductor 
make tolerance is a factor which influences circuit design 
and sometimes leads to high cost, tight tolerance Mooters. 
A printed circuit board inductor of the type described in ibc 
present invention can be COftStnicted inexpensively into a 
pri nted eircrrjt board, using dimensions and sparing that ^ 
conform to the circuit board manufacturers process limxta- 
dens and bold tighter make tolerances than their discrete 
ccunrexpaxts* Furthermore, there is a need in the art far an 
inductor which can be tunable and which can provide for 
improved **»Hiing against interference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a multilayer circuit board in 
accordance with the invention. 

FIG. 2 is an exploded view of some of the intermediate 45 
layers of the multilayer circuit board shown in FIG. .L 

FIG. 3 shows a tunable planar inductor having inductance 
adjustment means in accordance with the invention. 

FIG. 4 shows a rrmab le planar inductor having an elee- 
cromraliy adjustable inductance in accordance with the 50 
invention. 

FIG. 5 shows an exploded view of similar intermediate 
layers as shown in FIG. 2, ra this case using standard board 
construction techniques. 

FIG, 6 snows another embodiment in which a pri nted 
circuit board inductor is shielded by a ground plane and a 
shield in accordance with the invention. 

BGS. 7-9 show different printed circuit board irjeuctois 
in accordance with the invention. 

DETAILED DESCRIPTION OF TOE 
PREFERRED EMBODIMENT 

While the specification concludes with claims defining the 
features of the invention that are regarded as novel it is 65 
believed that the invention wfli be bener understood from a 
consideration of me foDowing description in conjunction 
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with the drawing figures. 

Referring to FIG. 1, than is shown a populated multilayer 
printed circuit board 100 having a printed circuit board 
inductor m accordance with the present invermnn, Mniri- 
layer dremt board 100 as sbown mchides 6 byera 10L 102. 
104, 106, 108 and 110. Preferably, the circuit board layers 
are formed from a glass remforccd cpoxy such as FR4» or 
other materials used to form printed circuit boards. The top 
suiface of multilayer circuit board 100 is populated with a 
plurality ofdectronic cornponents 112 as Is well known in 
the art. Although FIG. 1 is shown as a six layer multilayer 
board O^crem irnrriocr of Jayers can be desired fca*der^nd- 
ing on the particular design 

In FIG. 2, an exploded view of some of the intermediate 
layers 104, 106 and 108 of multilayer ciicuit board 100 are 
shown, m accordance with the invention, a prin ted circuit 
iiiductor 200 is formed on layer 106. Inductor 200 is formed 
by intcrcccmecang metallization patterns 216 loca ted on first 
surface 106a with me*affi*ation patterns 218 located on 
second surface 106B using mterconnection vias 214. The 
vtas could be blind or buried, as would be the case for a 
seonentiaily laminated circuit board, or the vias could pen- 
etrate each layer of the circuit board as win be discussed in 
reference to FIG. 5. Inductor 200 as shown forms a multi- 
tnrn in&ictw having first 212 and second 206 terminals. In 
accordance with one enmodiment of the present invention, 
the inductor 200 is shielded against external interference by 
ground planes 202 and 204 which arc located so as to be in 
aligrnrierUOTrxgistran'ro 

106 and 108 are mated together. When layers 101- 110 arc 
laminated together to form the multilayer board, ground 
Ptoses 202 a nd 204 substantially overlay inducmr 20C\ 
thereby providing interference protection to the inductor. 

Ground plane 202 L$ formed by a metallization pattern 
located cm first or top surface 104A of layer 104. Ground 
plane 204 is formed on the bottom or second surface 1Q8B 
of layer 108. Metallisation patterns 202 and 204 arc dec- 
tricaUy coupled to the multilayer circuit's ground potential 
using conventional rnnnera (traces) and via interconnection 
techmoues. In order to mttroonnect inductor 200 with other 
dectronic components 112 located on multilayer board 100 
one or both trrrninafo 212 and 206 are mtcrconnecttd to 
other layers of circuit board 100 using metallized vias. For 
exarnpk, terminal 212 can be dearieally coupled to one of 
the upper layers 101 Or 102 of circuit board 300 by rnoviding 
a m et al lfro d via 210 in order to interconnect via 212 through 
layer 104 and up to a predetermined point on layer 101 or 
102. In order to avoid short circuiting via 210 to ground 
plane 202. a non-metalJfeed area 208 is provioed between 
via 210 and ground plane 202, Preferably, the imerconncc- 
tion vias 210 used to intenmnnect the mdnctor 200 located 
in the intermediate layers of circuit board 100 arc kept as 
shun as possible m order to ™«i«nifc effecting the induc- 
tance value of inductor 200 as well as prevent interference 
s i gnals from effecting the circuit. 

Although ground planes 202 and 204 reduce the induc- 
tance value of inductor 200 slightly, this change in induc- 
tance due to the shield can be compensated for by adjusting 
the dimensions of inductor 200. For example, the metalli- 
zation njnners 216, 218 can be decreased in width, the size 
of vies 214 can be decreased in size, more turnt» can be 
added to the mouctor. etc. Ground planes 202 although 
shown as not talcing up the entire surface of the mtcTmcdiale 
layers they reside on. could take substantially the entire 
surfecc of their conxspc^ding layers if needed to improve 
smeldjng. 

The overall area taken up to form inductor 200 is dictated 
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by the required rrvftiriarirr. the amount of current chat the 
inkcur wiD carry, the required Q (oaaBy factor) of the 
£*jetor, and the minmnnn feature size available rrom the 
pp vendor A typical four torn erf would mature an area 
of approximately 2L4J3 rmlhrneter by 1.016 ^-n^w 
usmg coorcooonaj printed circuit asanahaming teeh- 
mqucs, although smaller footprints can be achieved usutx 
niore expensive ptrnted circuit board mamfecturing tech- 
atones. 

to order to save matmfacnirfng costs, instead of urine 
blind via as shown in FIG. 2 which cost more to tnanarac- 
tore, standard board construction can be used to manufacture 
the najftxlayer circuit board as shown in FIG. 5 in order to 
save costs. Io PICL 5. all the vias 505 shown go through all 
the layers of the multilayer circuit board wchtfinTthe 
intermediate layers 502, 504 and 506. In the case oTgroimd 
plane layers 502 and 504, the via* are etericaBy isolated 
from the ground planes 510 and S12 by areas which sur- 
round each via 508 which are not plated. Ground plane 510 

ne 
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512 is locate on "77 ^^^^—P^ M transistor 408 is located between two adjacent terns of rhe 



isolate the ground planes from the traces 516. 

Almcngh the inductor 200 shown in PTC 2 has been 
shown as an equivalent of air wound coil having the printed 
circuit board as the o^Iectric. other forma of printed circuit 
pductors can work with the present invention. Such as. 
tridacton which are formed on one surface of the printed 
aroint board using no vi as, other inductors which aw two or 
more znajcrsnifeces of substrata to form, inoiictors which 
are straight Hues or have other shapes, etc In FIGS T-*- 
Kane other different printed circuit board inductors which 
can be used with (he present invention are shown. FIG. 7 
shows a straight fine inductor having traces 702 on top 
surface and trace portions 704 on the bottom surface which 
arc mtercormected by vias 706. In FIG. a, a angle surface 
wrrwmg mductor which is formed by trace sections 802 
which arc inieicoimected by serial cormectwg vias 804 is 
™^toHG. a dual surface inductor is shown having 
"OK" 902 oo the top surlat* arid irar^ sectkms 904 on the 
bottom surface. Other types of inductor shapes and designs 
. other than those shown can also he utilixed. 

When rnanufeeturmg electronic circuit boards, such as 
radio frequency ctfeuits, it is sometimes reo^d to tune the 
circuits during (he marnnacturing process. This is typically 
caused by eornponent tolerance differences round between 
circuit boards due to variations between electronic compo- 
Bentj. In FIG. 3, a tunable printed crrcust inductor 300 in 
accordance with another embodiment of the invention is 
shown. Inductor 300 includes a plurality of mterconxiection 
vias 306 which electrically interconnect too runners 30S 
with bottom runners 310. Inductor 300 includes two end 
terminal* 302 and 304. In this emboimem; inouetor 300 
includes one or more utterance adjustment means which 
can take the form of metallized runners or trimmahle reaia- 
ton? 316 and 31*. Inductance adjustment runners 316 and 
318 are metallized runners which short some of the turns of 
faductor 300, In order to increase the iiutuctanee value of 
inductor 300, one or more of the adjustment roimers 316 are 
cut using well known laser trimrnmg eonjpmeqt or by 
simply mecttamcalJy cutting one or both runners 316, 318 
Instead of metallized runners, laser tximmablc resistors as 
fajown in the art having appropriate resistance vamcs can be 
used, and trimmed in order to adjust the inductance value of 
inductor 200. 

As shown in FIG. 3, with both inductance adjustment 65 
nmners m place, inductor 300 forms a 246 mm coil with its 
aammals being 302 and 3tx If runner 316 is cut, the 



mductor becomes a 3*4 turn ooflwhJi its tennmals being 302 
and 314. finally. If both of the inductance adjustment 
runners 316 and 318 are cut, the mductor becoQK*a4tttoni 
coO f wrmterrriinals3 

for ocample, in a raihn transmitter 

outfit of the transmitter could he adjusted during ijanular> 
ture by rrnnmmg one or mo^nf fhir ^^>wrm^ ~fintrnent 
ronners. If the vias 3U 314. and 304 where spaced arwro- 
pnatdy, the runners 316 and 318 could be repbeeriwith 
resistor*, or zero ohm jumpers if desired, to decrease the 
lodoctance agam. 

FIG. 4 shows a timablc irjrmctor or coil 400 having an 
eaxuxnicalry adjustable rndnctancc vaino- in accordance 
with the mvenlioa Instead of using metallized runners 316 
and 318 as shown in FIG. 3 in order to adjust the inductance 
ValUe > in PIG- 4, a transistor 403 such as a field-euect 
transistor (FET). bipolar junction transistor (BJT) or other 
type of appropriate transistor as known in the art 2s used to 
automatically switch the mrfnetftr^p value of inductor 400. 
TVansisuy 408 is located between two adjacent terns of rfce 
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state where vias 406" and 404 are shorted together or in a 
second state where the transistor is open and there is no 
direct comsfiction between Was 406 and 404, In the first stats 
It *5 uCtor 400 acts as a 3V4 turn coil, while when transistor 
408 is in the second state coil 4W acts k a 4fc imn coiL 
Transistor 408 is switched fiom the first state to the 
second state by a control signal sent via line 410. Tnc control 
signal can be generated by a number of oonvenbosal hard- 
ware circuits such as a rnicroprocessoT or other type of 
hardware drcuiL BectronkaUy tunable coil 400 provides 
tbe ability of posting the mductance value ctf mductor 400 
even wh e n O1 c fuct or40C i& farmed within far**™***-, Ly^, 
of a multilayer circuit board as shown in HG, 1 this 
provides the ormojtnmty of having an inductor lo cated 
^inmannilrila^ 

and soil be able to adjust its inductance value. 
Elec&ooJcaHy tunable irymrrrrr 400 can be used for many 
electronic circuits where a tunable mductor is required. For 
example in radio transmitter circuits in order to adjust the 
power output level, etc. 

In FIG. 6, another embodiment of the present mveorion in 
which a rnmtod circuit board raductor 602 is shielded by a 
eround piano 608 and a shield 610 is shown. In this 
embodiment, a printed circuit board mductor is formed on 
suostratc 604 similar to that shown in FIG: Z. A second 
substrate 606 having a ground plane 608 ****** on the 
bottom layer is attached to the first substrate 604. And a 
shield such as a metal can 610 is attached to me to layer of 
substrate 604 in order to fully shield incuctor 602 from 
interference. Indncrcr 602 cm include the usoncrancc tuning 
means previously cSscussed if tuning is a reo^nrerxumt! 

In summary, the present Invention provides tor a shielded 
pJai^indncrnj which can be used in environments were a 
smelded mductor is remnred, such aa in radio frequency 
dreuit appEcatioos. By locating toe mdncmx within the 
uuermediate layers of a multi-layer circuit board, board 
space oo the rop surface of the multi-layer cixcczt board is 
Conserved for other dectronic comnoucntB, In another 
aspect of the present m vetiticA a planar printed circuit board 
Inductor 30© or 400 includes an ^Trtancf tuning means 
such as metallized rurmers 316, 318, an electronic switching 
device 408, or other means in order to adjust the inductance 
value. The elfictroracaily tunable mductor shown in FIG. 4 
can aOso be formed within intermediate layers of a nndtilayer 
circuit board in order to conserve board space and also to 
allow the inductor to be shielded if required. 
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What is claimed is: 

2. An electronic assembly, comprising: 

a multilayer dxcuit board including first and second 

Substrate layers each having fixst and second major 

surfaces: 

an xixteaor fmned on the second substrate layer; 

a first ground pbne located on the first major surface of 
the first sobstrarc layer; 

the second major surface of the first magnate layer is 
attached so the first major surface of me second sub- 
strain layer such thai the first ground plane is located in 
substantial registration with Ac inductor; 

an electronic switch operable between fin* and second 
suites and coupled between two of the metallization 
via* such that the inductor has a first Indnctance value 
when the electronic switch is m the first state and a 
second inductance value when the electtooic switch 1$ 
in the second state; and 

wherein the second substrate layer has first and second W 
major surfaces and the inductor i™»Mr? a series of 
metallization runners on the first and second major 
surfaces which are sexial mteroonnected with each 
other through the second wtermediatc layer by a plu- 
rality of metallized via*, 
i ^electronic assembly as defined in claim 1, further 
comprising a durd inte nnc c ti ai e substrate layer having first 
and second major surfaces; 
a second ground plane located on the second major 

mrface of the dried substrate layer; and 
the first major surface of die third substrate layer is 
attached to the second major surface of the second 
substrate layer and the second ground plane is in 
substantial registration with me first ground plane and 
the induct 0£ 

3- And cctrouiv assembly as defined in claim 1. wherein 
substrate layers ate formed from glass romfarced cpoxy. 

4, An electronic assembly as defined tn claim 1. farther 
coniprisius a runner electrically coupling two of the metal- 
lization vias together such that at least one of the serially 
c onnec ted metallization runners is electrically bypassed so 
as to lower me inductance value of the inductor. 

5- An assembly, comprising: 
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a first substrate; 

an inductor formed on the first substrate, me inductor 
mctoding a series of metallization runners which are 
serial interconnected with each other by a plurality of 
metalHztd vias; and 

au inductance adjustment means coupled between two of 
said plurality of metallized Was, wherein the indnc- 
tance adjustment means comprises a transistor which 
can switch between first and second stales, aod when in 
the first state the inductance value of the inductor is a 
first value and when in the Second state tbc inductance 
value of the inductor is a second value. 

f . An assembly as defined in claim 5. wherein the inauc- 
tance adjustment means comprises a metallized nmnez 

1. An assembly as defined in claim 5. wherein the indue- 
tancc adjustment means comprises a tri mmable resistor. 

& An assembly as defined in claim 5, further conuTrisiag: 

a second substrate; 

a ground plane located on the second substrate; and 
the first and second substrate are attached to each other. 

9. An assembly as defined in claim 8> wherein the ground 
plane substantially overlays the inductor: 

10. A multilayer printed circuit board assembly comnris- 
ing. 

a first printed circuit board layer having an inductor 
formed on the printed circuit board layer, 

a second printed circuit board layer attached to the first 
posted circuit board layer having a ground plane which 
substantially overlays the mducton and 

an cJccuonic switch operable between first and second 
states and such that the inductor has a fast induc tance 
value when the electronic switch is in me first state an d 
a second i n d urtanr^ value when the electronic switch is 
in the second state. 

11- A multilayer printed drani board assembly as defined 
in daim 10, further comprising: 

a shield attached to the first printed circuit board layer 
such that the shield and ground plane sandwich the 
inductor between them. 
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(57) ABSTRACT 

In an exemplary embodiment of the disclosed transformer, 
tbc tnnsfbmicr comprises a dielectric am*. For example, d>c 
cfielcetric area can consist of three different dielectrfc layers. 
Abo, by way of example, the dielectric area cm comprise 
silicon dioxide or a fow*k dielectric According to the 
exemplary embodiment, ibe dielcctrkr area is imerspeced 
with a permeability conversion material The penncabflky 
caovenaott material has a pexmcabirity higher than tbc 
permeability of the dielectric area. For example, the perme- 
ability conversion material can be mcfcxl, iron, nickel-ire* 
*Hoy, or magnetic oxide. The exemplary embodiment fur- 
ther comprises a fiist conductor and ateo a second conductor 
paiicmed into the dielectric area* The first and/or the second 
conductor can comprise copper, ^"nVffi^ or a copper- 
aJumizmm alloy. Each of the first and second condumors are 
made up of a mimbcr of tun^ whkh rtsah respectively, 
the primary and secondary windings of the exemplary 
disclosed transformer. 

19 Claims, 5 Drawing Sheets 
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1 2 

ON-CHIP TRANSFORM ERS circuit m a semiconductor chip required a square spiral 

inductor wub a value of 30 naoo-beoiys and a febtvatioo 
process with a metal pitch of 5.0 microns is used, tbc 

BACKGROUND OF THE INVENTION in<fec*r would requite 17 uxul turns and would b*vc a 

I. Field of lbs Invention 5 spiral diameter of approximately 217 mkroos. As such, even 

The present inventbn is pmcrally in the field of fabrica- * 30 fla*»-henry conventional on-chip inductor would 

tioa of electronic circuit component In particular, the reqwirc a considerable amount of chip space, 

present mveoiieo fc in tbc octf of fabrication of t^rc&rmers For the sq aare spiral on-chip inductor in our e xampk, for 

used in cteronic drarits* a given spiral diameter; the inductance is proportional to n 2 , 

Z Background Art 10 w ^ CfC n ts the number of metal turns. Therefore, the induc- 

It is known in the art that there is an evcr-erocu* demand increasing the tmmbcr of twos, 
for decreasing electronic circuit component si2es and gpom- 
c tries. Tbc demand is fueled, in large part, by the consumers* 

desire for ever-smaller communication and u^tonuaiioa pro- «, . „ , . , , . 

eessiflg dftvic^ such cellar telephones, bptop 15 b <*»£ f Tfa*. ibo ofrdnp 

requirement to decr ease tbc swe of these consumer commo* ,v ■ > ■* M,MWi,p 

□ieaiA* and wfccmatioo ptrx=sskg devices bas msultod. enCISy 1085 10 lrinsfonnCr 

among other things, in a need to reduce the size of the Turning attention again to off-chip transformers, a dis-. 

electronic components these devices contain. As a result, ofrchip) transformer also requires relatively long 

semiconductor device skes and geometries have decreased off-chip wires and btercoOQCCt lines lo connect tbc trans- 

dramatically, with each unit area of the semiconductor die wer terminals to oo-cbip devices. The relatively long 

supplying greater computing power and functionality. This off-chip wires and interconnect hues result in added and 

has resulted in Ultra Large Scale Integration (ULSI) chips ^ unwanted resistance, capacitance, and inductance. Energy 

cootaiwog over a million compooenis per chip. However, would be lost due to this unwanted resistance, capacitance, 

the transformer, an off-chip electronic component, has not 31x1 iudociaDcc. Additionally, the interconnects Cor off-chip 

benefited from this dramatic decrease in size. transformers are subject lo long-term damage from 

The discrete, oflWup tmr*fonner suffers from various corrosion, chemical contamination osulaiw and 

disadvantages not sbarcd by oo<faip electronic componciits. » ^ P*>3**=* C^ppsnre to vibration, 

The ofccbip transformer eventually goes througpTwirc ^mmUnm .oxidation, and other 

bond for connection to on-chip drcuitry The off-chip trans- c ^^ al fe 3 ** lD ,owcr k^S*™ 

former also requires assembly of at least two components idMbihty for off-chm transformers, 

(It. the chip itself and the off-drip transformer). The Surfacc-mouni packages mat integrate both isolation 

required assembly of two or more component* introduces 35 transformers and common mode chokes utilizing the same 

corresponding reliability issues and also results in a greater foorprint as discrete trarislbcmer-ooly products nave been 

manufacturing cost used to optimize board layout by allowing more function- 

By way of tacfcgramd, a rxansfocmer is comprised esseo- tbc same amount of space This approach has been 

u'aDy of two cross-coupkd inductors. The magnetic con- irccessilaled by the ever higher density requirements oT 

ptfng between ibc two inductors b called mutual mductancc. « lcI «pbony and networking devices such as ISP^ 

Discrete inductors arc typicaUy coOs wound around a com- multiplexers, wide area networks (WANS), internetworking 

mon core. The quality factor fCT) of an inductor is deter- interfaces, di&Bal access and cross connect systems (D ACS), 

mined by O-L/R, where L is the inductance and R is the channel banks and cellular base stations- Although this is an 

resistance inherent in the inductor. A relatively low quality important step in meeting the need for reduced-Stire 

factor signifies a relatively high energy loss. Since it is 45 transformers, these modules arc still discrete devices They 

desirable to have a large Quality actor in an inductor, a is *^ require board assembly, with its attendant mannfactur- 

desirable to have a large quality (actor In each of Ibc mg cost and reliability issues. 

transformer's separate inductors. Tms can be accomplished Planar-transform er technology is another attempt at 
by either increasing the inductance of the inductors, or reducing transformer size. In this technology, multiple layers 
decreasing their respective resistances. so of a multilayer printed circuit board ("PCB") arc sand- 
The problems encountered when attempting to increase wiched together to form ibc transformer windings- Tbc core 
inductance or reduce resistance can be illustrated by using 15 formed in two sections that reside on the top and bottom 
the example of an on-chip square spiral inductee. Such an of sandwiched windings. This technology reduces the traos- 
inductor is disclosed in a 00- pending. United States patent Cbrroer size and provides adequate uoiwe-unit repeatability, 
application entitled "Method for Fabrication of Oo-Chip 55 However, as with surface-moom packages, planar- 
Inductors and Related SUuctiire, 1 * Scr. No. 00/627,505 filed tra«tformeis arc discrete devices that still require board 
Jul. 28. 2000, and assigned to the assignee of the present assembly. 

application. The disclosure in that co-pending application is To applicants* knowledge, there are no known attempts to 

hereby incorporated fully by reference into the present fabricate on-chip transformers. However, even if such an 

application. As discussed in that co-pending application, the <so attempt were made, it would be very difficult to place a 

inductance of a conventional on-chip square spiral inductor transformer inside the semiconductor die using presently 

can be increased by increasing the spiral diameter of tbc known techniques. Some of the reasons for this difficulty 

on-chip inductor. However, such an increase would make the include the following, first, fabricating each of the required 

conventional on-chip inductor even lamer and would require on-chip inductors with high inductance values for use as a 

even more chip space. H»r example, typical inductor values ts transformer winding is difficult because the size of the 

for a square Spiral inductor used in mixed Stgoal circuits and inductor is too large for the semiconductor die. Some of the 

in Rl ; applications ranye from I to HO nano-henrysw If a reasons for the lanje si-/u of conventional on-chip inductors 
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were discussed above- Tea*, ibe uxfaVk*a1 iDAKiof* size different Irom Ihosc J ^^> ^^ S ^ P ^ 
Uouts the use Q r on-chip Wccto« to build co«btp trans- apptkaUoo. Mweow, some of thc^ecific cf too 

formers for RF and mixed signal circuits. Second, the mvcotion an: «c oWscd »n onfcr *>* to otecaretoc 
Inductof-5 quality f acirx wouM * too low. As explained invention. Tht d^Q^ desrf^ 

abovc^whenabigl^ * apphcabon are within the knowledge of a person of oraauary 

by increasing tbc Dumber of metal turns, ix. tbc windings* skills in the art. 

of ibcmoWoqtl^oomsspQirfii^uicicasc to the resistance Tbc drawings io Ibc present apphcaikm and their accom- 
of tbc inductor results in a lower quality factor panyirrg detailed description are directed to merely example 

TWth<rcrsau«rfmth*art^ embodiments of ibc rnvendoo- To maintain brevity, caber 

* small size, high quality factor ioductor windings, b " e^bodimcDisof the invceboo ^ L ^Pj^^ 6f ^ 
reliable, co^ectrve, and wbicfcdo« present « ^^!?StJ^™i hv dm 

lioos through ottchip wires or off-chip mterconncci Hoes. present appbcatiOQ and arc not ^aaficaUyinustrttodbyiDc 

present drawing 

SUMMARY OF THE INVENTION FIG. I shows perspective view 100 of an exemplary 

_ - embodiment of the invention's transformer. Tbc present 

The preset mvr^ b Ajeclcd to oo<tap e^i^s transformer, whose perspective view 100 ts 

The present invention disctoes a transformer which has .a Uhistration purposes only. In 

stxutt^highQ^* Swords, PIG, 1 ctoes not depict the relative sizes of 

cost^ffeclive and which does ^J^^^ 010 ^ various elements, and does not show the relative tbkknesses 
through off-chip wires or off-ctop inleroooijcct Imes. ^ ^ ^ ^ various elements and is not drawn to scale. 

In an exemplary embodiment of the invention's H ^ j shows only a section of the invention's trans- 

transforrncr. the uwibfmcr comprises a dielectric area. For fcfmWi . 2A shows a top view 200 of the inventinn's 
example, the dielectric area can consist of three different Ua nsrbrmer corresponding to perspective view 160 of the 
dielectric laynis. Also, by way of example, toe cheiectnc area tfaflsfofnjcr $hown m FIG- 1. FIG. 2B shows cross- 

can comprise silicon dioxide or a low-k dielectrfc ; Accord* 25 s^ctio^ view 216 along Hue B-HB of FIG. 2Aof the same 
in S to the exemplary embodiment, the dielectric area is transformer while FK3- 2C shows cross-sectional view 220 
interspersed with a permeability conversion material. The ak>j ^ Iinc q — q of FIG. 2A of thai same transformer As 
permeability conversion materia] has a permeability higher PICS. I„ 2A. 2ft, and 2C depict various views of the 

than the permeability oT the dielectric area. For example, the cX g. m p]^y cm podimerr4 of the invention's transformer- 

permeability conversion material can be nickel, i/00, aickcl- 30 fa RG t ^ pfimafy wading of the invention's 
iron alloy, or magnetic oxide. transformer, abo called a -first conductor in tbc present 

The exemplary embodiment of the invention's trans- application, rs referred 10 generally by numeral 174. In the 
fc^met further coropriscs a n^ present example, primary winding, 174 consists of a r^mber 

conductor pauemed into the dielectric area. Tbc first and/or ^ m ^ up u segnents HI, 103, 105, 107, 109, 

the second conductor can comprise, for example, copper, 35 u ^ ^ ^ u ^ u ^ m m 125. 127, 129, and 131. 
aluminum, or a cxspper-alumirrum alloy. Each of the first and ^ ^ ooouA ^ y wmdin^ of the inveotioTi's transformer, also 
second conductors arc made up of a number of turns -which callrtJ 3 -s^oqd conductor" in the present applicatioa, b 
result in, respectrvcly, the primary and secondary windings reIcrrw j to generally by numeral 176. In the present 
of the exemplary embodiment of the invention's trans- cxampk: ^o^^ wiodingj 176 consisrs of a Dumber of 
rormcr. 40 made up of segments 133, 135, 137. 139, 141, 143, 

BRIEF DESCRIPTION OF THE DRAWINGS Tp^S^ IN. 103. 1*, 

FIG. 1 illustrates a perspective view of an embodiment of 109, 111, 113, 115, 117. 119, 121, 123, 125, 127, 129, and 

the mveoiion's b^Btormer. 4$ 131 can be grouped into via metal segments 16(3. 107. 111. 

PIG. 2A illustrates a top view of the embodiment of the US, 119. 123, 127, and 131, and mU^n^mctal seg- 

invVr^^to^rsb^ m FIG- 1- men* 10L 105 109. 113. 117, ^Mf ; 

FIG. 2B ausrraies a cross^kmal vkw alr^ the line ^^.^ *^™$^™s c^b^S 

^.T^ a^scctional view a^ thc line - ^ — **> ^ ^ ^ 

^ " ^L 2 " ° f r^ r^" 1 ^ ^ iflVCOti ° a ' S As stated above, FIG. 2A represents top vie w 200 of the 

^r^onner shown in FIG. L inventions transformer wrW perspective view 100 was 

FIG. 3 illustrates a top view of another cm bod uncut of the ^ ^ pi G . L A* such, dietectric byer 260 in FIG. 2A 

m v«uWs fr^ormec ctmspimds to dielectric layer 160 in FIG. 1. As stated 

FIG. 4 illustrates "a perspective view of yet another above, RG&. 2B and 2C show two different criK^^cclional 

emrxxiimcni of the invcotiou *s transforrner. views 2 1 0 am) 220 corresponding to perspective view 100 of 

^ the invention's transformer shown in FIG. 1. As seen in HG- 

OGTAIIJlI) DESCRIPTION OF THE ^ ^ cfo^cuoQal view 210 in FIG. 2B is taken along line 

INVENTION B_a which is deep inside the invention's transformer: 

The present invention i* directed to on^hip tjanstormcrs. Further, asseco in FIG. 2A,crc^sectional vtew220in Fia 

The foltowirrgdescription contains specific iuformaiion per- 2C is taken along line C-C that aat the otoadc tfe : of the 

lainine to different types of materials, layouts, dintimsions, invention's transformer, thclectnc layer 260 m FIG. 2» and 

and m^pkmeolations ol" the invention's iransrocmer. One *s dicfcciric Uycr260 in HG.X^irres^^ 

skiUcd in the art will recogpb* that the present invention 260 in Mi. 2A and also to drelectnc Uycr 160 in lUX 1. 
may be practiced with material, layout, or dirnertsk^ns, Dickc^ layer 262 in na 2B and dielectric layer 262 in 
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FIG. 2C correspond to dielectric bycr 1 62 in FIG. 1- lbethidco«ss of dieted Uycr 264 is referred to by numeral 

Dielectric Uyer 264 m FIG. 2B and dielectric layer 264 io 282. In the present embodiment of Ibe invention, thickness 

FIG. 2C correspond to dWedric layer 164 in FKX 1. 278 of dielectric Uycr 2*0 b between approximately 1,000 

Dielectric layers 26fc 262. and 264 are also coflectwry and 30,000 Angaroms while thickness 282 of dielectric 

referred tp & a "dielectric area" in (be present patent 5 Uycr 264 b abo between approximately tOOO and 30,000 

application. An^troms, However, thicknesses 278 and 282 may vary 

Also, m the present embodiment* of the invention as well without departing &om the scope of the present invention. 

as in other embodiments not discussed herein, there can be As mrtber shown in FIG.2B, the UntJcness of dielectric layer 

a dklcra^ Uyer below olclee^ 262 Preferred toby cnmeral 280 bna2R In ibe present 

trie layer above dielectric layer 260, Dielectric layers which ^ embodiment of the invention, thickness 280 of dielectric 

can exist below dielectric layer 264 and above dielectric layer 262 is between approximately 1,000 and 6,000 Ang- 

layer 260 are not shown in the drawings of the present stroms. I Jowever, thickness 280 inay vary without departing 

application to preserve simplicity. Nevertheless, (be exist* from the scope of the present invcerion. 

ence and methods tor fabrication of such additional dieleo- f D two aitemative embodiments of the present invention, 

trie layers are known to a person of ordinary skill in the art ^ mterconnect metal segments, such as miercoonect metal 

Interconnect metal segments 205, 215, 22 L, and 229 of segments 105 and 177 in the primary and secondary wind- 
primary winding 274 shown in FIGS. 2A. 2B, and 2C ings<FIG. 1), may be patterned within dielectric layer 160 
correspond respectively to mterconnect meal segments 105, (fIG. 1) by either a damascene process or by a sobtractive 
LO, 121. and 129 of primary winding 174 shown in FIG. 1. etching process. Similarly, interconnect metal segments. 
Likewise, interconnect metal segrnents 237, 245, and 253 of ^ such as mtcrconocct metal segments 109 and 133 in the 
secondary winding 276 in FIGS. 2A, 2B, and 2C correspond primary and secondary windings, may be patterned within 
respectively to mtcrconnect metal segments 137, 14S, and dielectric layer 164 by either a damascene process or by a 
IS of secondary winding 176. sub tractive etching process, to the damascene process. 

Interconnect metal segments 205, 213, 221, 229, 237, trenches art cut into the dielectric and then filled with metal, 

245, and 253 in FIGS- 2B and 2C are shown extending ^ Then excess metal over the wafer surface is removed by a 

through dielectric layer 260, whereas corresponding inter- chemical mechanical polish process ("CMP") to form 

connect metal segments 105, JU3, 121, 129, 137, 145, and desired mterconnect metal patterns within the trenches, 

153 in FIG- 1 are shown only on the bottom plane of Generatly copper is used in a damascene process; however, 

dielectric layer 160. other metals such as aluminum can abo be used. In the 

totucormect metal segments 201, 209, 217, and 225 of M subtractivc etching process, a blanket layer of metal is 

primary winding 274 in FIGS, 2B and 2C, correspond lo uniformly deposited on a given surface. rhcreaDcr, through 

interconnect metal segments 101, 109, 117, and 125 of masking and etching steps, a desired pattern is formed by 

primary winding 174 in FIG. 1. Also, interconnect metal etching away the unwanted portions of the blanket layer of 

segments 233* 241, and 249 of secondary winding 276 in metal As snch, what remains b a desired partem of inter- 

PKjS. 2B and 2C co rrespon d to interconnect metal segments 35 connect metal Generally aluminum or alnmimim-copper 

133, 141, and 149 of secondary winding 176 in FIG. L alloys are used m a subtractrve etching process; however, 

Via metal segments 207. 215. 223, and 231 oT primary other metals can also be used, 

winding 274 in PlG. 2C correspond to via metal segments Via metal segments, such as via metal segments 103 and 

107, 115. 123, and 131 of primary winding 174 in FIG. 1. 107 in the primary winding 174 in FIG- 1 and via metal 

via metal segments 239, 247, and 255 of secondary winding 40 segments 135 and 139in Inc secondary winding 176 in HG. 

276 in FIG. 2C correspond to via metal segments 139, 147. 1, maybe fabricated in a damascene process using copper or 

and 15$ of secondary winding 176 in FIG. 1. Via metal tungsten and in a snbtractive etching process using tungsten 

segments 287, 215, 223, and 231 of prim ary winding 274 in a manner known in the art. Moreover, in a damascene 

m FIG. ZC and via metal segments 239, 247, and 255 of process, via metal segments may be fabricated by using 

secondary winding 276 in FIG. 2C are not shown in FIG. 2B 45 cither 1 **via orsf* or a "trench first 1 " process, which are both 

because cross-sect tonal view 210 in HG- 2B is taken along known in the art Generally; (be dielectric material that 

tine B — B which is deep inside the invention's transformer, comprises dielectric layers 260, 262 and 264 (FlGS. 2B and 

whereas cross-sectional view 220 in FIG. 2C is taken along 2C) can be silicon dioxide, or a low-k dielectric such as 

line C — C which b at the outside edge of the invention's porous silica, fluorinated amorphous carbon, fluoro- 

transformer. so polymer, paryteoc, poryarylene ether, silsesquioxanc, flcori- 

As shown in FIG- 2n% the separation between each eatcd silicon dioxide, and diamondlike carbon. 

interconnect metal segment of primary winding 274 and an By way of background, when a material is placed within 

immediately adjacent interconnect metal segment of sec- the magnetic field of an inductor, toe magnetic dipolesof the 

ondary winding 276 is indicated by numeral 272. lo the material interact with the magnetic field created by the 

present embodiment of the invention, separation 272 is 55 inductor: If the magnetic filed of (he inductor is reinforced 

between approximately 0-25 and approximate ry 10 microns. by the magnetic moments, a larger number of flux lines are 

I lowevcr, separation 272 may vary without departing from created, thus increasing the inductance. There are essentially 

the scope of the present invention. As shown in HG. 2B, the two cross-coupled inductors in a transformer. The mduc- 

widtb of the interconnect metal segments in primary wind- tance caused by flux coupling between toe two inductors is 

tog 274 and the width of interconnect metal segments in so called the mutual inductance. The mutual inductance is 

secondary winding 276 is referred to by numeral 270 in FIG. equal to the coupling coefficient of the two coils multiplied 
2B. lo the present embodiment of the invention, width 270 by the square root of toe product of the inductance of each 
is between approximately 0.25 and 10 microns. I lowevcr. coil. 

width 270 may vary without departing from the scope of Ihc if ihe magnetic fields of the cross-coupled inductors arc 

present invention. 65 reinforced by the magnetic moments, a larger number of flux 
As shown !n MCJ. 211, the thickness of dielectric layer 2$0 lines are created, thus increasing Ihc mutual inductance of 
is referred to by nurocpd 278. Further, as shown in MG. 2», the transformer. I "he ability of a material to reinforce the 
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magnetic fields of the crosswrptcd mductois is determined having a pcrmcabilrty snfeaanliaDy nigbcr Una ibe pcrmo- 
by the pcrmcabfldy of (be material. ftrmeability « the ability of If* dielectric. The high ^i^mauJS^ 
property of a material (bat describes ttrc mftgjfctizalioo be, for example, me**!, iron, nickel-hoo aik>y, or magnetic 
developed in Out material when excited by a magnetic BeJd. oxide. As a result, the inductance values of the primary 
For an inductor, as is weU known in the art, the magnitude s and/or secondary winding? of the transformer arc sigmfi- 
of iodoctaoce ts pipponiooal to permeability of the materials c^ty incmascd. This method for increasing cficJcctric per- 
that surround the inductor. meabiKry Is disclosed in a oo-peoding United Slates patent 
The mutual mductaoce of the present embodiment of the application emitted "Method for Fabrication of Higb Induo 
iovcDtioo's tfansfonner may be increased by increasing (he ? nce ,nductors Rcl * ted Structure* Ser. No. 09/649.442 
permeability io any of diekcaric layers 160, 162. or 1(4 in 10 Atx& ^ 2 °0°» *«d assigned to the assignee of the 
FIG. 1 (corresponding to <fielectric layers 260, 262. and 264 P^tJl application, Tbe disclosure in that co-pending appH- 
mnGS.2Band2Qormacooihinatiooof any two of the Cat *° fa hcrtbv wewporated fully by reference into tbe 
dielectric layers or io aU tbicc of the dielectric layers, pieseoi application- 
One method that may be used in tbe present invention to Another method for increasing the permeability of the 
increase permeability of dielectric layers 160, 162, and/or 15 P ertl ? CIli o"*«hic layer or layers is to deposit a spin-on 
164 b by introducing i D to tbe dielectric layer (or cfietectric "J?!"* ^ peniieabiHty particles in the pertinent 
layers) atoms and/or molecules of high permeability mate- oiclert^ layer or layers and immediately next to> below, or 
rials. These high pcrmeabifity atoms and/or molecules will ^ ™ mterconoect metal segments that make op the 
increase ibe permeabniiy of (be dielectric layer significantly. *WDdingor the secondary winding of the uans- 
Tbc high pcnz]cabiliiy atoms and/or mofccnles can be intro- 20 tonoer. For example, the high iraneabifity spin-on matrix 
duccd into (he dielectrfc layer Ksing km implantation or ion ?° deposited between interconnect metal segments 
spttilcrbg (echniques. forming Ore primary winding or the secondary winding of 
Asaucxanmfcvkmmmlaiit^ ^ "^"^ *&f*«**toy particles can 
tons of rn^^eabm> materials into diekrtrm Tcrl ^T*** ^1"?* wkkcWron <* 
160, IS^tM of trZ invent "^S^ Mo^ 25 S^l^ **f^ rf 
specifically, a Wgb current ion tmplanter coujd be use<?£ ^^-"""S?^- 1 * ,n ? s *™' 
ionbx and senate individual atoms of thelfeb p^imcaba" hx^c^I^ ^bod for increasing Electric 
uyo^lerial^as^ * diX ^J° United States 
into a beam which would be swept ^Xm£^6iZ VStZ^^X "Metbcd for Fabr^ting Oo-^p 
dkfcdric layer. Tbe mdtvic^as wo«M £ 30 ^^rf *^-^^L Scr - ^ <***^ ^ 
surface of mc dielectric layer and come to a sto^bebw me f^.^J^ff^- * *» ° f ^ P^ 01 
surface of tbe dielectric U^cL It b noted that i/tbc present tS^^J^t^ t , ^! fc ^ 0 b 
application the term -ions" b osed generally an refer to ISnou^^ * * ^ *° ***** 
ionized aroms. ionized clusters of atoms, or ionized mol- „ v.* . - . 

ccuics. Also, the ion implanter cscd to implant irms m the 35 Jl'L^T^^^ "^f^.^ P^caWliry of the 

dielectric layer fe used in many other k>n implantation steps ^^1^^° * .^f 15 t£ > dc P°? 1 * blaflkct 

required lor rabrfcaling scmioonductof chips, such as to -^7* ^ P*™*^ material oyer the pertinent cheieo 

impbnt arsenic horon. and argon k>os mlo Ihc d,ip to fbmi ^IJ^ fZ 3 ^ tb L!ffl l Iav « r 

doped regions on the chip. comprise, for example, nickel, iron, mcaxl-iron alloy, or 

drelectnc layers 160, 162, or 164 of (he present invention's a stuttering lecfankjue After de^t^Tn^^^^KT 
^..j » : ^JZTr~? ™«« (wuwpuny maais permeabijUy material is driven into the nr^l vine dielectric 

mat correspond to tbe retro of the different atoms in tbe alloy Hir.UrtnV :^,Z,™71i , . ^ * 

may be desirable, as some metal alloys have higher pcrme- cai^ rt rnfin^ "m-.k^i r -^/^ *: app«- 

Slruclure," Scr. No. 09/627^05 filed JuL 28, 2000, and ^ ,. • rue 

a*%Td to (be aa<gn« of Ihe prescot applicatfon. 1^ T>e impl^ lll K«^,uUcr IOK , ^ any or tbe other methods 

rat«i f oU y by reference into ihV prcscnl .ppl^bT^ *° ? 1,1 tDalenal which Surrowds an inductor 

^ . ^ w u collectively referred to as 'inteisncrsiac" in the nnxr„< 

d^cT r r C r S s'!: P ^ nK4b,1I,y 1 the app,ic4 ^ ^ ^ PcrmeahiL^nS, 

^di^T^i t™*™* 1 '-*™*"*™** i«o -p-nneahUity con^tsioc materiaL" Example or pemcaba- 
^ ? ° the .ftlereonncci metal seg. 65 ity conversion material thai intcrspensoJ into^he diefce- 

the transformer, llio trenches are then Idled with a material oxide. ^ 
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TbccrobcrfixxrttorUK mvcnfcWs tansformcr described to the "inside" terminals, Lc the tennnwls a the fespeclive 

in relation to FIGS. 1, 2A, 2B. arjd 2C achieves a sataU sac centers of the windings, can be made by tipping into the 

relative to any known transfonncr In the air_ One reason for insioxitcrmiiiaJs&^*m«^ 

achieving a small sere is thai through increasing the penno- layer in which primary winding 304 and secondary winding 

ability done or more of the dielectric layer* 160, 162, or 5 306 are fabricated. Moreover a cwmccti« to die ^taAT 

164. higher drtuctar^ tcnninal of secondary winding 3*6 can be made by tapping 

winding of the invention's transformer are achieved. into the outside terminal cow a metal byer above or below 

Moreover, because of the increase in the permeability of one the layer in which primary winding 304 and secondary 

or more of the dielectric layers 160, 162, or 164. me winding 306 are fabricated. However, a connectioo to the 

coupling cocmckm between the invermoo's traKwnoer's w ^tside" terminal of primary windmg 304 is typically made 

primary and second windings is also increased. Tbc higher by using rnetal intercoiinect in the same metal layer in which 

inductance and coupling coefficient values thus achieved in primary winding 304 and secondary winding 306 are fab- 

turn result in a more efficient transformer that occupies a rtcated. Dielectric layer 302 in FIG- 3 can comjmsc silicon 

mucb smaller area relative to any orT-chip transformer: Tbc dioxide, or a k>w-k mclcctric sod? as porons sihea, fluori- 

small size of ibe ioventioa's transformer nukes possible me ^ naled arnorpbous carbon, ftooro-polymcT, parylene, pol- 

on-cmp fabrication of the transformer which, as stated yarylene ether, sihesanioxane; fluormated silicon dioxide, 

above, was previously unknown in the art. and diamondlike carbon. 

One advantage of the small size of tbc present invention's In the present embodiment's transformer 300 in FIG- 3, 

on-chip transformer is that it can meet the need for oecreas- primary winding 304 and secondary winding 306 may be 

tog electronic circuit couipooeot sizes and geometries. ^ patterned within aiekxtnc layer 302 by cither a damascene 

Moreover, another advantage of on-chip fabrication of tbc process or by a subtractive etching process. Both the dama- 

present cnjbodimenl of the invention's transformer is its scene process and the subtractive etching process are well 

bog-term rcEabflity. Tbc mtcxoHioeets of on-chip tbc inven- known in the art and were briefly described in tbc exemplary 

tion's transformer are not subject to toog-tcrm damage from embodiment of the invenOon's transformer in relation to 

vibration, corrosion, chemical coiitaminanon, oxidation, and ^ FIGS. 1, 2A. 2B. and 2G 

other chemical and physical forces because they are not it is noted that one difference between the embodiment of 

exposed to (hose elements* but are inside the semiconductor the invention's transformer in FIG. 3 and the embodiment of 

chip. me invention's transformer in FIGS. 1, 2A, 2B, and 2C is 

The on-chip fabrication of the present invention's trans- that in the embodiment of the invention's transformer in 

termer is also cost-effixtive, since its fabrication can be 30 FIG. 3, all interconnect metal segments belong to the same 

easily assimilated into a process that Is well known in the art mctnniTatrbn fcvel and as such arc patterned in the same 

such as a CMOS process flew. Toe present embodiment of dielectric layer, i.e. dielectric layer 302. In contrast, in tbc 

the invention's transformer does not require independent embodiment of the invention deserved in FIGS. 1.2A.2R. 

fabrication or assembly, as required by off-chip b^nsform- and 2C, the various intercnooeet metal segments of the 

ers. Also, toe oxwArpirrtercc^ 35 primary and secondary windings in the transformer were 

to tbc present embodiment's traosformer are extremely short distributed in two different metal u V atfo n levels and were 

compared to off-chip wires and off-chip interconoect lines interconnected by means of via*. Thus, while a rtuonher of 

that are necessary for competing to off-drip transfonncni. interconnect metal segments were patterned in dielectric 

As a result, the interconnect lines used for connecting layer 260 in FIGS. 2A. 2b\ and 2C. other iiHercoanect metal 

various devices to the invention's trensfonncr have very «, segments were pauemed in dielectric layer 264 in FIGS. 2B 

lintc nnwanted resistance, capacdance. and inouctaoce. and 2C For example, if interconnect metal segments in 

Further; the present embodiment of the mveoiion's trans- dielectric layer 2*0 are mace in metallization level three, the 

former benefits from the high quality factor of its inductors. interconnect metal segments in dielectric layer 264 are made 

As stated above, quality factor C*Q") of an kductor is in retaliation level two. 

proportional to its inchx^nce^ since the quality factor of ao as The permeability of dielectric layer 302 m FIG. 3 may be 

irmnctorrsoetermii^ increased by introducing inm dielectric layer 302 atoms 

and R is the resistance inherent in the inductor. Also, it is aod/br molecules of high permeability materials through me 

well known in the art thai the inductance of an inductor is techniques of implantation or inn sputtering. The permeabil- 

pmf^rtiooal to ibe permeability of the materials through ity of dfelectric byer 302 may also be increased by any of 

wbtcb me magnetic field flux hoc* traverse- Since the so me other methods (kscribed in the eawnptary embodiment 

permeability to any of dielectric layers 160, 162. or 164 is of me invention's transformer in relation to FIGS- 1, 2A, 2B. 

significantly increased through the various methods and 2C The present invention's transformer 300 achieves 

described above, the inductance of the invention's trans- the same advantages of small size, high quality factor 

former's inductors and. therefore, the quality factors of those inductor windings, reliability, cost-effectiveness, and elimi- 

mductors. is also increased significantly. SS nation of the requirement of connections through off-chip 

Another exemplary <m»>odimcnt of the present inven- wires or off-chip mtercooncct lines, described in theoxem- 

turn's transformer is shown in FIG. 3. FIG* 3 shows a top plary embodirueut of the present iovrmtroo's transformer in 

view of the invention's transformer 300 in this exemplary FIGS. 1. 2A, 2B, and 2C 

cmboditneoL The dielectric layer in which the rrrveoUon's Yet another exemplary embodiment of the present invcO* 

transformer 300 is fabricated is referred to by numeral 302 60 tioo's transformer is shown in HO. 4. FIG- 4 shows a 

in FIG. 3. The primary winding of the inventioa's trans- peispcctrvc view of the invention's rransforroef 400. The 

former 300. also called a -first conductor" in me present primary winding of the invention's transformer 400, also 

armlication, is referred to by numeral 304 in FIG, 3. Tbc called a -first conductor'* in the present ap^lfcarion. is 

secondary winding of the invention's u^nsfotrncr 300. also referred to by numeral 400 in FIG. 4. The secondary winding 

called a "second conductor" in the present application, is of the invention's transformer 400. abo called a "second 

referred to by numeral 306 in l-'IG. 3. It is noted that for conductor in the present application, is referred to by 

primary winding 304 and second winding 30$, a connection numeral 410 in FIG. 4. The dielectric layer of the invention's 
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tramtforaier 400 io F10. 4 in which penury winding 40S is llmse oT ortJinajy skffl m 

pinemed is referred to by onmcral 402, Tbc dielectric layer meuis described herein may be modified without departing 

of the invention's transformer 400 in FIG. 4 Id which trom toe inventive co^ 

secondary winding 410 is patterned in is referred to by oexmbinatioas of materials may be used in various dielectric 

numeral 46*. The dickctric layer of the invention's tons- s layers, examples of wtricb are low dielectric constant 

foiTrjc*400mna4tiiatisbc^ such as porous «pfr* r nuorinalcd amorphous carbon, 

dfetork layer 40* is referred* * *^JN£R>r fi TO io-polymer F parykne, polyarylcoe ethet^snsesqxiioxane, 

Ubstiauon perpc**, primary ymdrr^W oft^>rmef ftlM ^ sa ^ 

400 to HG. 4 is sbuwo Urger than secondary winding, 410, mwrmaico suww ™ u™™^ *V 

and not directly vr^^dary winding 410. However, to _ certain design recruircrncn^ la *t£t*>c, various cembma- 

the exemplary embotirncnt of the present invention's trans- tious of lectmiques known in the ait may be used to 

former 400 in FIG. 4. primary winding 400 can be directly accomplish the invention's concepts described herein. 

fonDcr400inFIG- 4, dielectric layers 402, 404, aod 406 can What is claimed is: 

comprise silicon choxkJe, or any of the low-fc dielectrics 1. A structure in a semkeoductor chip, said structure 

meotk>ned in tbc exemplary embodiment of the present comprising; 

invedioa's transformer in FIGS. 1+ 2A. 2B, and 2C _ _ 

As in the prior exemplary embodiments of the present a dielectric area having a first pcnncabflity; 

invention, the permeability in any of the dklcctric layers a permeability conversion material having a second 

402, 404, or 406 m FIG. 4, or in a combuiaiioo of any two 2° permeability, said permeability convcision material 

of the dielectric layers, or in ail three of the dielectric layers* being interspersed within said dielectric area, wherein 

may be increased by introducing into any of the dielectric ^ second permeability is greater than said first per- 

layers 402, 404, or 406 atoms ancVor naokcuks of high ™abiikv- 

permeability materials through the method of implantation J * 

oTrou sputtering, Ihc permeability of dielectric layer 402, & a first conductor patterned into said diclcctnc area, said 

404, or 406 may also be increased by any of the other first conductor having a first plurality of turns; 

methods described in the first exemplary cmbodimcai of tbc a secood conductor patterned ton said dielectric area, said 

invention's transformer in FIGS. 1, 2A, 2B, and 2C second conductor having a second plurality of turns. 

A difference between the present emhexfament of the 2 ^ c f ctodm 1 wherein said dielectric area 

invention's Iransformer and the embodiment of the invcu- ^ CQti ^ ri ^ at teast ^ dielectric layers, 

uon's transformer disenvsed in relation lo FIGS. 1, 2A, 2B, 3 The structure of claim 1 wherein said dielectric area 

and 2C is that in^ ptt^ cmbo^o^tbc entire pnmary compriscs , rf dielectric layers, wherein said first 

^^J^ttti^ d ^f- byc ? ^ cnXtor tsinTfirst electric layer of said phmdity of 

entire "^T^*^^ dielectric byers, whe™ 

^^^It^^^^Z * ***** C of shitty of f layer, and 

dielectric layersTlnlontrast, in the embodiment of the ****** * second mclcctne layer of said plnrahty of o^lec- 

invention's tra^ormer shown ascribed in relation to trie layers * situated oetween sakl first and Omd d^lectnc 

FIGS. U2A.2B, and 2Ctne primary wmdmg » d&uu>uied layers, e . v 

within three dielectric layers, i.e. dielectric layers 160, 162, ^ 4. The structure of dahn 3 wherein said plurality of 

and 164 as shown in FIG, 1, UJmwkc, the secondary dielectric layers comprise a low-k dielectric. 

winding is also distributed within the same three dielectric 5. The structure of claim 3 wherein said plurality of 

layers, i.e. dielectric layers IfiO, 162, and 164 as shown in dielectric layers comprise silicon dioxide. 

FIG. 1. 6. Tbc structure of claim 1 wherein said dielectric area 

A difference between the embodiment of the invention's 45 comprises a low-k dielectric, 

transformer shown in FIG. 4 and the embodiment of the 7. The structure of claim 1 wherein said permeability 

invention's transformer shown in FIG. 3 is that in the conversion material is selected from the group consisting of 

embodiment of the invention shown in FIG. 4* the entire nickel* iron, nickcMrun alloy; and magnetic oxide, 

primary winding is patterned in a single dielectric layer g •f DC suuctnrc of daim I wherein said dielectric area 

while the entire secondary winding is also patterned in a 50 comp^t* silicon dioxide. 

single, but a separate, cUelcctric layer- In other words, each 0. The structure of daim 1 wherein said first conductor is 

of the primary and secondary windings am fabricated io selected from the grnnp consisting of cnprxr>atommum,and 

their own separate dielectric layers. In contrast, io the copper-aroajinom alloy- 

embodiment of the invention shown in FIG. 3, both the 10. The structure of claim 1 wherein said second conduc- 

primary winding and the secondary winding of the inveu- 55 (or ^ from the group consisting of copper, 

^ transformer are paUemed in a single, and the same, B bminum, and copper-aruminum alloy, 

dielectric layer. U. A structure io a sermconductor chrp, said structure 

It is noted that the exemplary embodiment of tbc present uorapr&ng: 

invention's transformer 400 io FIG- 4 also achieves tbc ^ j aycr 

advantaxes of small size, high quality factor inductor 60 . .* , . » . r _ » . . 

wmdmXdiabUity. ^fleXenU and elimination of - ™* fi ^f*^ 

the^emcm of cxmoeciions through off^hip wires or layer, sa^ second dKlectnc layer bemg .inerspersed 

off-chip mterconnect lines, as described b the first exctr, wuh a rxrmcabdity cr3nversion tnatenal; 

ptary embodiment of the present invention's tmr^orrncr in * dickctric layer situated over said second dtelectnc 

NIGS. 1, 2A, 211, and 2C. 65 ^y<« 

WhUc«ruincnux>diroertlsof the mvcntioo are lUuslralcd a primary winding patterned into said first, second, ami 

in the drawings and arc described herein, il is apparent to third dielectric layers; 
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a second winding patterned into said fist, second, and 
third dielectric layer. 

12. Tbc structure of claim 11 wherein said primary 
winding comprises a plurality of mtercocnect meal seg- 
ments io said first dielectric layer and a plurality of inter- 
connect metal segments in said thud dielectric layer. 

13. The smichrre of claim 12 wfacrcm a plurality of via 
metal segments in said second dielectric layer interconnect 
said plurality of mtcrcoooeci metal segments in said net 
dielectric layer with said plurality of interconnect metal 
segments in said third dielectric layer 

14. Tbc structure of claim 11 wherein said secondary 
winding comprises a plurality of interconnect metal scg* 
meats io said first cUeJectric layer and a plurality of inter- 
connect metal segments in said ihW dielectric layer. 

15. The structure of ctaon 14 wberem a plurality of via 
metal segments in said second dielectric layer interconnect 



said plurality or interconnect metal segments, an said first 
dielectric layer with said plurality of mlerconnecl metal 
segments in said third dielectric layer. 

16- The structure cTdaim 11 wherein said first dielectric 
layer is iftopcrsed with a penjaeabihry conversion mate- 
rial. 

17. The structure of claim H wherein said miri dielectric 
layer is wterspetsed with a penncabfliry conversion mate- 
rial. 

18. The structure of claim U wherein said first and said 
third d*kcrric layers are interspersed with a penneabtHty 
conversion materiaL 

19. The strncture of claim U wherein said ncrmcahiltly 
conversion material k selected from the group consisting of 

is niefcel, iron, nickel-iron alloy, and magnetic oxide. 



5. 



10 
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